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■All  esperimental  investigation  ol  the  perlormance  aiul  properties  of  spra\ -applied 
polyurethane  loam  roofing  systems  is  describcil  Polvurcihanc  loam  stiulied  mcluLled  ilen- 
sities  of  2 II  and  2.5  pcf  l lastomeric  coating  systems  incluLleil  catalwed  silicone,  moisture 
curing  silicone,  huts  l-liypalon,  neoprene  hvp.ilon,  hvpalon,  butsl.  chlorinateLl  rubber, 
catalv/ed  urethane,  moisuire  curing  urethane,  and  an  acr\  lie  emulsion.  In  .iililition,  a 
fibrateil  alumiminvasphalt  was  mclmled  Properties  ol  the  coaling  ss  stems  (continued)  . 
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siuh  as  a^ihcsion.  tensile  strength,  elongation,  impact,  ami  wiml-dnven-rain  absorption  are 
also  reported.  !•  xperimental  roof  ing  panels  were  locateil  at  a seashore  site,  a desert  site, 
and  a cold  weather  site.  After  exposure  penoils  of  up  to  two  years,  performance  of  the 
silicones  and  the  catalyzed  urethane  was  rated  as  excellent  at  all  three  sites.  Rankings 
based  on  the  lal>oratory  tests  showed  a catalyzed  urethane  as  first,  followed  by  the  sih- 
ci>nes  and  a net»prene-h\  palon.  Adhesion  characteristics  of  coalings  applieil  to  foam 
which  had  been  allowed  to  degra<le  for  periods  up  to  9 ilays  prior  to  coaling  application 
are  also  reported.  .\oiiceal)le  loss  of  aiihesion  was  observed  in  the  panels  in  which  the 
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An  experimental  inve>ti^aiion  of  the  performance  and  properties  of  >pray-applieii  poly- 
urethane foant  roofing  systems  is  described.  Polyurethane  foam  studied  inclu<led  liensities  of 

2 o ami  2 5 pcf.  i'.lastonH*nc  coating  systems  incliuie<l  cataiy/ed  silicone,  moisture*euring 
silicone,  hutyl  hypalon.  neoprene-hypalon,  hypalon,  butyl,  chlorinaicil  rxibber.  catalyzed  ure 
thane,  moisture-curing  urethane,  and  an  acrylic  emulsion.  In  addition,  a fibraied  aluminunv 
asphalt  was  incluiied  Properties  of  the  coating  systems  such  as  adhesion,  tensile  strength, 
elongation,  impact,  ami  wiml-driven-rain  absorption  arc  also  reported.  P.xpcrimental  roofing 
panels  were  ItKaied  at  a seashore  site,  a ifesert  site,  and  a cold  weatlier  site.  After  e.xposure 
peruxis  of  up  to  tw<»  years,  performance  of  the  silicones  and  the  catalyzed  urethane  was  rateii 
as  excellent  at  all  three  sites  Rankings  based  on  the  lalmratory  tests  showed  a catalyzed  ure- 
thane as  first,  followed  by  the  Ktlicones  and  a neoprene-hypalon.  Adhesion  characteristics  of 
coatings  appbed  to  foam  which  ha<i  t>ecn  aiiowcif  to  degrade  ftir  penoifs  up  ti>  9 days  prior  to 
loaiing  applieation  are  also  reported.  Noticeable  loss  of  adhesion  was  observed  in  the  panels 
in  whiih  the  foam  had  been  allowed  to  degrade  tor  ^1*^  i>r  more  juior  to  coaling 
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BACKCKOUNI) 

OvfT  the  pa.sL  several  years,  maintenance  of  roofs  and  roofing 
systems  has  become  an  ever-increasing  problem.  The  problem  has  been 
i'om|)ounded  by  changes  in  composition  of  bitumen  and  felts,  by  materials 
sliortages,  by  poor  workmanslii p , and  by  otlier  factors  wliicli  lead  to  poor 
perlormance  and  sliort  service  life  of  these  waterproofing  systems. 
Informtttion  available  at  the  Civil  Kngineering  l.aboratory  (GET)  for  FY74 
iiuiii:ates  that  the  annual  m;i  intenance  lost  for  roofs  at  Naval  Shore 
Activities  was  about  11  million  dollars,  representing  almost  three 
percent  of  the  total  Naval  Shore  Activities  maintenance  costs. 

Becausi-  of  the  increasing  seriousness  of  the  roof  maintenance 
[)rohlem,  CEE  was  recpiesLed  by  the  Naval  Facilities  Engineering  Command 
(NAVEAC)  to  investigate  roofing  systems  under  YE  54.593.011.01.001, 
"Investigation  of  Roofing  Systems  for  Maintenance  of  Naval  Shore  Struc- 
tures." This  research  was  to  be  directed  toward  all  areas  of  roofing 
problems.  The  obtecLive  of  the  investigation  was  to  provide  a signific.int 
reduction  in  maintenance  costs  for  roofing  systems  at  Naval  Shore  Bases 
by  defining  existing  problems  and  identifying  conventional  and  new 
materials  and  methods  that  might  eliminate  or  alleviate  these  problems. 

An  extensive  survey  ot  Naval  Shore  Bases  was  conducted  in  different 
climatic  areas  to  define  and  delineate  their  most  recent  roofing  problems. 

Till'  1‘xper  imeii  t a 1 program  was  to  ct>ver  a broad  spectrum  of  roofing 
problem  areas  that  were  either  known  or  would  be  delineated  by  the 
roofing  survey.  In  pursuing  this  aspect  of  the  program,  funds  were 
provided  to  the  National  Bureau  of  Standards  (NBS)  to  develop  a compre- 
hensive research  program  for  determining  the  effect  of  m<iisture  on 
built-up  roofs  (BUR).  The  draft  of  a report  including  a st  a t «.'-of-the- 
art  summary  and  tiic  description  of  a proposed  research  program  is  cur- 
rently being  revised  by  NBS.  In  addition  to  this  contractual  effort 
covering  the  el  feet  of  moisture  on  BUR's,  support  was  also  provided  to 
the  U.S.  Bureau  of  Reclamation  (USBR)  Research  Laboratories  to  aid  in 

it  he  i r preparation  of  a report  on  an  exte-nsive  research  effort  which  USBR 

liad  conducted  earlier  in  new  roofing  systems  (1). 

Early  in  the  CEL  roofing  research  program,  NAVEAC  reejuested  that 
the  Laboratory  cooperate  with  the  Northi-rn  Division  of  NAVEAC  (NORNAVEAC) 
to  develop  and  carry  out  an  experimental  field  investigation  of  spray- 
J applied  polyurethane-  foam  (I’lIE)  root  ing  systc-ms  at  the  Naval  Reserve 

1 Center  (NRC),  Clifton,  New  Jersey.  Initial  results  of  this  investigation 

arc-  prc-sc-nted  in  Referc-nce  2.  Because  of  the-  requ  i rc-ment  to  assist  in 
i the  dc-ve  I opment  ol  ()lans  for  the-  exfier  imenta  I field  investigations  of 

I’lJE  roofing  systi-ms,  the  original  experimental  roofing  investigations  at 


1 


,2 


(!Kl.  wt'rt'  (.1  i rue  t I'll  tow.ird  (1)  I’UI-'  materials  and  (2)  coatings  for  protecting 
I’UI'  I rom  weathering.  i'l\esi'  i nvi's  t i ga  t i ons  took  on  added  signit  icance 
heiause  of  tlu'  ri'iju  i rement  in  the  DOI)  Construction  Criteria  Manual  (1972) 
that  all  new  roofs  have  a "C"  value  of  O.tr)  lU  u / (h  r ) ( 1 t “ ) (**K)  | i|. 

INTKODl'CTION 

iK'er  the  past  1')  years,  spray-applied  I’lM'  has  heen  utilized  in 
roofing  systems  in  ever- i ncreas  iiig  ipiantities.  The  fact  that  this  usage 
Clint  inues  to  increase  significantly  is  indicative  of  its  acce[>tance  in 
manv  areas.  However,  as  with  any  new  material,  this  utilization  has  not 
hei'ii  without  prohlems.  Perhaps  t hi'  l.iggest  fallacy  that  must  he 
overcome  is  that  Pl>r  roofing  systems  are  curi'-alls  for  I'ach  and  every 
rooting  prohlem.  Unfortunately,  during  the  initial  years  of  their  use, 

I’l'K  roofing  systi'ms  were  often  proclaimed,  hv  contractors  and  mati'rial 
suppliers  alike,  to  be  a panacea  for  all  roofing  prohlems.  As  with  anv 
ni'W  material,  much  needed  to  he  learned  about  these  systems,  and  t inn- 
was  reipiired  for  proper  expi'rience  to  be  gained  by  those  in  the 
industry. 

The  most  important  f.-ictor  is  that  PlIK  mati'rials  di'grade  r;i|)idlv 
when  exposed  to  sunlight  and  thus  must  he  proti'cted.  During  the  earlv 
\ears,  manv  different  coating  systems  were  used  to  achii'Ve  this 
lirotection  and,  as  might  be  expi'cted,  the  main  criterion  often  was  "the 
(heapir,  the  better."  kittle  time  was  reipiired,  howi'ver,  to  learn  that 
just  any  coating  system  would  not  provide  thi'  propi'r  [irotection.  It  was 
found  that  many  coating  systems  that  performi'd  well  when  applied  to 
other  substr.ites  would  crack  and  flake  from  a foam  surface  within  b to 
18  months,  thus  exposing  unprotected  foam  to  sunlight.  It  soon  became 
obvious  that  only  an  elastomeric  tvpe  of  coating  system  Ir.s  the 
Ilexibility,  e I ong.i  t i on , and  tensile  strength  required  to  accommodate 
the  rathi'r  large  expansion  and  contraction  inlierent  in  spray-ap|i  1 ied  PDF 
when  suhjected  to  ambient  thi'rmal  cycling. 

Keiause  of  thi'ir  lower  compressive  and  tensili'  strengths,  PUK 
materials  ari'  more  susceptible  to  physical  abuse  than  many  conventional 
root  ing  materials.  As  a result,  roofing  contractors,  maintenanci' 
personnel,  and  others  who  walk  or  work  on  PUf’  root  ing  systems  must  learn 
to  tre.at  such  roofs  with  the  proper  respect  in  order  to  prevent  or 
minimize  mechanical  damage. 

As  with  othir  roofing  systems,  PUF  mati'rials  must  he  .ipplied  to 
properly  |iri'pared  substrates  or  roof  dei'ks.  Application  ovi>r  a w.iti'r- 
soaked  BUK  system  or  over  a surface  that  is  dirty  or  covi'red  with  a 
weathered,  chalky  paint  system  would  he  doomeil  to  tailure.  This  would 
be  true  regardless  of  whi'ther  the  roofing  mainten.ince  system  bi'ing 
applied  was  PUF  or  any  other  maintenance  system. 

Finally,  spray-applied  Pl^F  has  a somewhat  uneven  surfaie  at  best 
and,  if  improperly  applii'd,  can  h.ive  a very  rough  surface  texture  called 
"popcorn"  or  "treeb.irk".  Not  only  is  the  texture  of  such  foam  ipiite 


rmigli,  but  cIk'  physical  cli.ir.ir  t er  ist  ifs  of  the  foom  itsflf  art-  f rffjufnt  ly 
intorior.  TIr’  (piality  ot  siirfac'e  texture  that  can  be  obtained  is  largely 
a t unction  of  the  skill  of  the  foam  sprtiy  operator,  including  bis  ability 
to  properly  adjust  the  sprav  e(|uipraent.  Foiicorn  or  treebark  surfaces 
on  a I’Ur  roof  are  compli'tely  unacceptable,  bc-cause  they  are  very  diffi- 
cult to  coat  properlv.  Sime  coatings  tend  to  flow  from  high  .areas  into 
low  ari'as,  the  high  points  do  not  h.ive  sufficient  minimum  thickiu*ss, 
leading  to  r.apid  deterioration  of  the  I’L'F  roofing  system. 

In  the  early  days  of  PUK  rotif  systems,  shaving  of  the  fo.am  surface 
was  .ucomp  1 isluRi  with  a speci.al  m.achine.  This  provided  <a  smoother  sur- 
l.ice  for  the  coating  but  the  sh.aving  .action  exposed  the  cell  structure 
of  the  fo.am.  In  .addition,  the  protective  coating  system  was  recpiired 
to  bridge’  the  open  cell  structure,  which  greatly  reduced  the  bonding 
surtace  for  the  i-oating.  The  exposed  cell  structure  also  tended  to  |iro- 
raote  pinlu)ling  in  <a  coating  placed  over  it,  providing  focal  points  for 

l. ailure  of  the  cotiting  system.  For  these  reasons,  such  procedure  is 
not  recommended. 

A direct  result  of  tlR’Sc’  potential  problems  with  PUF  roofing 
systems  was  that  m.any  reliiible  roofing  contractors  were  in  and  out  of 
the  spray-.ap()  I ied  Pl'F  root  ing  businc’ss  rather  ra|)idly.  Since  there 
seemi’d  to  be  no  solution  for  some  of  these  problems,  CEl.  decided  to  con- 
contr.ite  its  research  on  spray-applied  PUF  roof  systems.  The  objective 
of  tile  resi’arcb.  was  to  generate  data  which  will  provide  guidelines  for 
cii.it  ing  systems  to  protec  t PUF  materials  used  in  .a  roof  system. 

KXPKRIMKNTAI. 

Selection  ol  Materials 

As  noted  above,  the  primary  emphasis  in  this  investigation  is 
directed  toward  determining  recpi  i rements  for  good  iirotective  coating 
systems  lor  sprav-app 1 i ed  PUF  materials.  In  addition,  but  to  a much 
more  limited  extent,  fo.am  characteristics  are  also  being  invest  ig.ated . 

Spr.ij.’-App  1 ied  PUj-'  Materi.als.  At  .about  the  time  this  investigation 
was  being  initiatc’d,  the  N.ational  Bureau  of  Stand.ards  (.\'BS)  c-omplc’ted  a 
report,  "Uuidelines  for  Selection  of  and  Use  of  Foam  Polyurethane  Roofing 
Systems"  |s).  In  prep.aring  pl.ans  and  sc’lecting  materials  for  the  field 
i nvest  ig.it  ion  at  NRC,  Clifton,  New  .Jersey,  CFl.  had  conducted  a state-of- 
the-.art  survey  of  m.aterials  and  methods  for  application  of  PUF  roofing 
sysfc’ms.  Information  obt.ained  in  this  survey  together  with  the  criteri.a 
sc’t  forth  in  Refi-renc-e  4 were  used  in  selecting  the  spray-.app  1 ied  PUF 

m. aterial.  In  order  to  minimize’  the  number  of  v.iriables,  the  products 
of  only  one  PUF  m;inu f ac’ t urer  wc’te  utilized.  However,  to  provide  some 
v.ar  iab  i I i t y , foam  dc’iisitic’s  of  2.0  pcf  and  2.  S pc  f were  includc’d.  The 
loams  sc’lec’ted  wi’ri’  CPR  4H'3  (2  pc’f)  and  CPR  48S-2.5  (2.S  pcf),  products 
of  CPR  Division  of  Upjohn  Company.  These  materials  were  re.-idily  avail- 
,able  and  widely  usc’d  throughout  the  c’ountry. 
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F.l  astonu-r  ic  Coating  S^’sLtanjs.  During  tlif  slale-of-tlie-art  survey  it 
was  clot  orm  i lU'il  that  a number  ol'  ditferenl  geiu'rie  types  of  coating  sys- 
tems liad  already  been  found  ti'  be  unsatisfactory  tor  protecting  PL!F 
materials  against  weathering.  i'bese  ty|)es  included  coatings  that  were 
thin  in  consistency  and  of  a brittle  nature.  It  was  also  found  that 
onlv  elastomeric  coating  systems  performed  well  when  applied  over  PDF. 

For  this  reason,  with  one  excei)tion,  the  only  protective  coating  systems 
included  in  this  investigation  are  those  designed  for  use  on  foam,  i.e., 
with  ruhher-like  or  elastomeric  characteristics.  The  excc))tion  was  a 
high  (juality  fibrated  itluminum-pigmented  asphalt.  This  was  included  as 
a "control"  since  iiluminum-asphal ts  or  unpigmented  asphalt  coatings 
appeared  to  be  among  the  most  widely  used  coating  systems  over  PUF 
materials  even  though  their  performance  record  was  poor. 

Most  of  the  different  generic  types  of  elastomeric  coating  systems 
that  appeared  to  have  merit  for  protecting  spray-applied  PUF  materials 
were  included  in  this  investigation.  An  additional  consideration  in 
this  selection  was  the  permeability  of  the  coating  system.  There  is 
cjuite  a controversy  in  the  industry  over  whether  (1)  "permeable"  or 
"breathing"  or  (2)  "impermeable"  or  "nonbreathing"  coatings  generally 
perform  best  as  protective  coatings  for  foam.  Although  there  are  no 
firm  data  supporting  a case  for  either  type,  it  would  appear  that  both 
arc-  useful  under  certain  conditions.  Actually,  all  of  the  coatings  are 
pc-rmeable  to  a certain  amount  of  moisture  vapor  but  vary  in  their  degree 
of  permeability.  For  purposes  of  this  report,  coatings  systems  with 
ratings  (ASITI  Designation  E 96-66)  of  (1)  less  than  0.1  perms  are  con- 
sidered vapor  impermeable,  (2)  0.1  to  1.0  perms  are  considered  moderately 
vapor  permeable,  and  (3)  greater  than  1 perm  are  considered  vapor  perme- 
able. A listing  of  the  systems  investigated,  including  their  permeability 
category,  is  shown  below: 


Syst  em 

Number  Desc  r ipt ion 

1 Catalyzed  silicone  rubber  --  vapor  permeable 

2 Moisture-cured  silicone  rubber  — vapor  permeable 

3 Catalyzc-d  bu  t y I -hypa  I on  — vapor  impermeable 

4 Catalyzed  but y 1 -hypa 1 on  — vapor  impermeable 

3 Hypalon  mastic  — vapor  impermeable 

6 Elastomeric  acrylic  emulsion  —vapor  permeable 

7 Neoprene-hypa 1 on  — moderately  vapor  permeable 

H Al  uminum-f  i 1 I c-d  , catalyzed  butyl  — vctpor  impermeable 

9 C;italyzc-d  bu  t y 1 -by  pa  I on  — vapor  impermeablc- 


4 


Syst  (.'ID 

Number  Dt'^J  c t^iji  tj  on 


10  A1  iiminum-f  i 1 led  , cntalyzed  iiretliano  — moderately  vapor  permeable 

11  Chlorinated  rubber  — moderately  vapor  permeable 

12  Hypalon  iruist  ic  — vapor  impermeable 

15  (Catalyzed  urethane  — vapor  permeable 

14  Moisture-cured  urethane  — vapor  permeable 

15  Fibrated  aluminum-pigmented  asphalt  — vapor  im|)ermeable 


As  indicated  above,  the  protective  coating  systems  investigated  included 
two  silicone  rubbers,  three  buty 1 -bypa I ons , one  neoprene-hypa 1 on , one 
1 1 urn inum-p igmented  butyl,  two  hypalon  mastics,  one  chlorinated  rubber, 
three  urethane  elastomers,  one  elastomeric  acrylic  emulsion,  and,  as  a 
control,  one  fibrated  aluminum-asphalt.  More  detailed  descriptions  of 
these  coating  materials  are  given  later  in  this  report. 

Field  Investigations 

In  order  to  determine  the  performance  characteristics  of  the  various 
elastomi>ric  coated  FUF  roofing  systems,  plywood  panels  were  sprayed  with 
I’FF,  coated,  and  exposed  at  three  different  experimental  field  weathering 
sites.  Periodically,  thi-se  expt>r  imen  t a 1 panels  are  inspected  and  photo- 
graphed, and  preselecli’d  spei- imens  are  removed  and  returned  to  the 
l.iboratory  for  additional  study. 

Pri'parat  ion  ol  Kxper  imiMit  a 1_  Panels  . Specimen  panels  were  constructed 
from  one-half  inch  p 1 vwood  cut  to  a 2 foot  by  4 foot  size.  Two  2 x 4's 
were  secured  across  the  two-fcu)t  width  of  the  panels  for  later  use  in 
attaihing  the  c-xpi'r  iment  a I panels  to  the  exposure  racks.  The  surface 
onto  which  the  foam  was  to  be  sprayed  was  then  primed  with  one  coat  of 
asph.ilt  root  primer,  Fi'deral  Specification  SS-A-701a,  applied  at  the 
rate  ol  250  sfpjare  feet  per  gallon.  The  spray-applied  primer  was  allowed 
to  cure  for  thrie  to  lour  weeks  prior  to  foaming  in  order  to  permit 
evaporation  ol  solvents  that  might  affect  adhesion  of  the  foam.  After 
drying,  tiu’  back  side  ol  the  panels  and  any  otlu'r  exposed  wooden  surfaces 
were  painted  to  [iroti'Ct  them  I rom  weathering. 

Following  proper  curing  of  the  primer,  the  PDF  was  spray-applied  to 
tin-  [)r  imi'd  surface  using  a (lusmer  Model  FF  unit.  Application  was  in 
either  two  or  three  lifts  to  provide  approximately  1-1/2  inches  of  PUF. 
This  gave  about  '5  square  feet  of  foam  per  pound  of  the  liquid  urethane 
( i)m|)onent  s.  The  technicians  applying  the  foam  exercised  great  cart'  in 
[iroperly  adjusting  the  foaming  equipment  in  order  to  obtain  (juality  foam 
surfaces,  i.e.,  surfaces  as  smooth  as  [)ossible.  Very  rough  surfaced 
foam,  such  as  popcorn  or  treebark,  was  not  acceptable,  and  any  panels 
having  such  surfaces  were  discarded. 


Most  ol  I ho  systoms  ut  i 1 i zihI  I’lT  w i I li  a donsily  of  2 ix-f.  Howovor, 
in  a t i‘W  <ast-s,  tlio  I’l'K  ciiaisitv  was  2,'j  po  f . Kxoopt  wlioro  othorwisi’ 
notod,  PIT  w i I li  a donsitv  of  2 po f was  usod.  In  a fow  othors,  duplioato 
panels  wore  propari'd  using  liotli  densities  of  foam. 

four  panels  to  lie  coated  were  prepared  for  each  of  the  systems, 
lltree  ol  these  were  intended  tor  long  term  exposure  at  the  thri>e  experi- 
mental sites  and  the  fourth  w.is  used  to  dett-rmine  seli-cted  properties 
after  various  periods  ol  weatlu'ring  at  Port  Ihumeme.  In  addition, 
sever. 1 1 panels  of  both  densities  of  Ph’K  were  prepared  which  were  to 
remain  uiu’oated.  Several  panels  were  prepared  at  the  same  timi’.  I'hey 
Were  then  covered  with  black  plastic  to  (irotect  them  from  sunlight  and 
1 rom  exjiosure  to  moisture  or  fumes  until  they  were  coated  or  pl.ii'ed  on 
I'xposure . 

A di'tailed  di'script  Ion  of  the  coating  systems  and  their  applic.it  ion 
is  given  below  and  tabulated  in  Table  I.  Trade  names  and  sources  of  the 
materials  an'  listi'd  in  Appendix  A.  Kach  of  the  coating  mati'rials  was 
given  a cursory  analysis  and  tlu-se  results  are  presented  in  Appendix  H. 

Coating  coverage  and  thicknesses  wc>re  determined  by  spraying  the 
systems  on  steel  panels  prior  to  and  during  ap|ilication  of  thi-  coatings 
to  the  foam.  Coverage  was  deti'rmined  by  misisuring  the  wi‘t  film  thickness 
with  a wet  I ilm  thickness  gage,  and  dry  film  thickness  was  lati'r  deter- 
mim-d  using  a m.ignetic  thickiu’ss  gagi'.  Dry  film  thicknesses  listed  in 
■f.ible  I were  primarily  di'termined  w i ( fi  a I’lsik  .Scale  l.upe  on  samples  cut 
1 rom  t hi'  coated  foam.  I'nless  noted  otherwise,  the  coating  systems  were 
e.isilv  .ipplied  with  .1  iO-to-l  airless  spray  unit. 

1 — Silicone  Hubber.  This  system  consisted 

ot  one  coat  of  med  i um-gr.i  v , catalyzed  siliione  rubber  base  coat,  and  oiu- 
co.it  ot  a cement -gr.e.' , catalyzed  silicone  rubber  topcoat.  The  total 
svsti-m  vii'lded  .1  nominal  drv  I ilm  thickness  ot  20.  i mils.  Because  of 
the  short  pot  lite  ot  the  cat.ilyzed  system,  ap)ilication  requires  a 
special  unit  in  which  the  two  compounds  are  mixed  in  the  spray  gun  just 
prior  to  le.iving  the  nozzle.  To  obtain  a proper  cure,  correct  meti'ring 
of  the  two  components  by  t hi'  spray  apparatus  is  critical,  and  calibration 
ot  the  eipiipmeiit  was  lU'cessary  prior  to  applying  i-ach  of  the  two  coats. 
Since  OKI.  did  not  have  such  equipment  .available,  thesi'  silicone  coatings 
Were  applied  by  a contractor  licensed  by  the  coating  manufacturer.  The 
base  coat  was  allowed  to  cure  about  2 hours  before  applying  t lu’  topcoat. 
This  co.it  ing  system  is  referred  to  as  breathing  or  vapor  pernn'able 
becausi-  it  allow,  passage  of  moisture  vapor  but  not  liquid  water. 

.\ititrni  — S.ital Siliaum'  Hubbev  With  Srcnulec.  This 
system  is  identical  to  Systi'm  1 except  that  gray  ceramic  roofing  gr. mules 
were  broadcast  into  the  wet  toi>coat  at  the  rate  ot  1/2  lb/ft“.  Tlu' 
gr.uiiiles  are  intendi'il  to  provide  a I onger-wea  r i ng , more  durable  surface 
that  is  more  resistant  to  weathering,  damage  by  foot  tr.iffic,  and  bird 
[lei'king.  Total  system  dry  tilm  thickness  was  20. mils. 
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- 'u)‘inj  .7-;'  ' ‘ ’>ii  liul;i  • r . 'I'liis  svsti-m 

I'onsisti'd  I't  two  loats  of  a s i ng  I o-conipoiuMi  t mo  i s t ii  ri--cu  r i ng  siliioiii' 
ruhhif.  rtio  roi'omnu'h.l'ai  applicat  ion  ralo  for  1 lio  lijjlil  >^rav  tiaso  roai 
and  till'  win  t o lopoi'at,  idontical  I'xropt  for  color,  w'as  1 >;a  I / 1 00  It^. 

Snell  a ci'V'i'r.ipo  slionid  viold  a tolal  average  dry  film  thickness  of  15 
mils,  somewliat  less  ill. in  tin.'  dJ.5  mils  actu.illy  obtained.  The  light 
gr.iv  base  co.it  was  pi'rniitted  to  ciiri'  overnight  prior  to  .ipplving  t he 
wh  i t i'  lopco.it.  Both  ol  t lu'Se  one-part  nuterial.s  wi'in'  easily  aiiplied 
with  conveiUion.il  .lirless  spray  I'lpi  i pnieiit  . However,  hei-.iuse  the  proper 
t ip  w.is  not  available  .it  the  time  the  coatings  weri'  aiijilied,  a larger 
t ip  W.IS  used.  .As  .i  ri'sii  1 t , not  enough  solvent  w;is  vol;itili/ed  during 
the  spr.iv  opi-ral  ion  and  a numiu'r  ot  cracks  occurred  in  the  low  spots  on 
tile  p.inels.  For  tliis  reason,  a second  set  of  (lanels  w;is  pri'pared  . This 
c(>.itiug  system  was  also  a vapor  perme.ili  I e coaling. 

2A  — Moi(7  tui‘P-  'urinj  ijil!  ■ ,n>  . This  svstem  w.is 

the  s.ime  its  Svstem  2 i‘xcept  that  it  was  ajiplii'd  over  I’FF  with  a density 
ot  J.5  pit,  using  the  recommended  smaller  tip.  Tlie  app  I ic.at  i on  rate  was 

1 gal/lOO  If  per  coat  and  t lu'  total  system  nom  i n.i  1 drv  film  thickness 
w.is  It)  mils. 

.■■pitTf.  ^ - Oitab-r.e'i  ul.  n.  This  system  consisted  of 

one  coat  of  .1  black  catalvxed  butyl  base  I'oat  and  oiH'  coal  ot  white 
v'.it.ilvzed  liV[)alon  topcoat.  The  two  <-omponent.s  of  both  the  base  coat  .and 
lotu'oal  weri'  mixed  prior  to  application*  with  a conv'en  t i ona  I airless 
spray  unit  and  both  were  apiilied  within  1)  minutes  alter  mixing.  .Apjili- 
cation  rate  lor  the  bltick  butyl  bast’  coal  and  while  hypahm  topcoat  was 

2 gal/lOO  tt^  and  1-1/2  gal/lOO  ft^,  respectively,  giving  .i  total  nomin.il 
svstem  drv  film  thickness  of  18  mils.  This  hu I v 1 -hvpa 1 on  svstem  is  a 
non!)  re.i  t h i ng  or  vapor  imperme.ab  I e co.it  ing  which  inhibits  (i.issage  of  i)oth 
water  vapor  and  liipiid  water. 

. •/  a>hi  4A  — Catalitr.cd  'I'hese  svstems 

consisted  of  a b.ase  coat  of  a t wo-com[)oneiit  cat  i on  i ca  1 1 v-po  1 vme  r i zetl  tan 

butvl  .■ind  a to|)coal  ol  a one-comi)onent  white  hviialon  applied  at  a rate 

of  2-1/2  g.'il/lOO  t t and  1 ga  1 / I 00  I t resi'ec  t i ve  I y . .System  drv  film 

thickness  w.is  21.0  mils,  slightly  less  than  the  recommended  total  system 

dry  film  thickness  of  22.5  mils.  These  but y 1 -hypa 1 on  systems  are  also 
I lasst’d  as  vajior  impermeable.  I'he  protective  coatings  iif  System  A were 
partially  damaged  in  transit  to  the  test  siti’s  and,  ;is  a result,  Systi’m 
■AA  W.IS  prepari’d.  This  system  is  essentially  identical  to  System  A 
exi'ept  that  it  was  applii’d  over  2.5  JH' f foam.  Total  drv  I i Im  ihiikness 
w.is  21  mils. 


* The  manufacturer  recomnu’nds  application  of  the  black  butyl  coating 
using  a special  sfirtiy  apparatus  that  mixes  the  two  components  just 
(irior  to  leaving  tin-  gun.  However,  they  statetl  that  the  two  compo- 
nents could  hi'  mixed  prior  to  s[iraving  il  ,a[)plied  within  15  minutes 
.1  f t ir  mixing. 
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■ ••'.'V  5 --  //'.f  , • y.a't  •.  This  oiu'-i'oat  system  i-ons  i s t t‘d  ot 

.1  s i K'-i’omponi’ii  t , wlutf  livpalon  mast  if.  Kt-f  Dmnu'ndf  il  app  1 icat  i('n  rate 

i I’  ya  1 UK)  it-  wliii-li  should  givi-  a minimum  drv  film  ihifkiu'ss  ol  it) 
mils.  llio  avorayo  lf>.)  mil  thifkiioss  iditaiiiod  on  t lioso  panols  was  only 
sliy;htl\  moro  than  hall  ot  tin-  roc-omnu-ndi  j ihioknoss.  Tliis  mastic 

m.iti-rial  is  virv  t h i x>'t  rop  ii-  aiui  ditlicult  to  spray  iiroporly,  ovon  witli 

tin  *()-to-l  ratio  airless  sprav  and  lino  hoati-rs  that  are  roe  iimmoiuiod . 

Kis  auso  this  oipiipiiu-nt  was  not  availahio  at  CKI.,  the  coating  manu  t ac  t uror 
arrangi d tor  a rovM  ing  contractor  to  coat  the  panols.  This  svstom 
pri'vidis  .1  v.ipv'f  impi-rmoahlo  film. 

'■  ;i.  ; f'.-i  - for, v>' iV.'a  .'.a  t < ■•>/ . I’aiu'ls 

coatod  with  this  wh  i 1 1‘ , s i ng  1 o-i-omponont  i-laston.  ric  omulsion  consisti-d 
o|  oithor  ono  coat  (Svstom  hA)  or  two  coats  (Syitom  h).  Api>lication  at 
t hi-  .t[)prox  ima  t o rate  of  J-l/2  ga  1 / 1 00  ft“  in  on  i-oat  ( hA ) gave  a nomiii.il 
drv  I i Im  thii  knoss  ol  la  mils.  llowovor,  at  this  thi'-knoss,  vorv  minuto 
I'hocking  i>t  t iu  I ilm  oi-currod  in  tlu'  sm.i  I I dopn-ssod  .aroas  all  ovor  tho 
p.iiu'l.  As  a result,  .i  si'ctuid  si-t  ot  panols  was  prop.irod  on  whii-h  tho 
m.itorial  w.is  ,i|iplii'd  in  two  coats  instead  ol  oiu-  coat  . fho  two-coat 
svsti-ra  ot  this  m.itori.il  resulted  in  ;i  tot.il  svstom  avoragi’  drv  I ilm 
thickness  ol  *1  mils,  with  no  i-hoiking.  This  .icrylic  omulsion  is  a 
vapor  pormoahli-  coating. 

. t'’.'  ' — '>eopr‘cnt'-.’y-;  . I'his  svsti'm  consisted  of  a 

s ingl  i— component , black  neoprene  base  coat  applied  at  the  rate  of  4 
gal/100  f t and  a s i ng  1 i>-compoiu'n  t white  hypalon  topco.it  .ipplied  at  2 
g. ll/per  100  ft“.  The  neo[irene  coating  was  .ipplieti  as  oiu'  fog  I'oat  .ind 
two  lull  i-i’.its  while  the  hvii.ilon  w.is  .applied  as  two  lull  co. its.  This 
g.ivi-  .1  tot.il  sysli-m  nominal  drv  film  thickness  ol  22  mils.  This  neopreiu-- 
hvp.ilon  co.iting  systi-m  is  classed  .is  ;i  mi'di-r.ite  1 v vapor  penru-ahle. 

. • .c  ' . r’.'p  - ind  ik/i  — .•’.'■(’••'irt'’:-.-  ip'”..  >t '<  : 't't.’p;;.  .*  Svstems 

K and  HA  consisteil  of  two  identical  coats  ol  a I urn  i iium-p  i gnu-nt  ed  . two- 
lompoiii-nt  butyl,  with  each  co.it  applied  .it  .i  r.ile  of  1-l/J  gal/lOO  it. 
file  two  ccimpoiieiits  id  the  butyl  Were  thoroughlv  mixi-d  prior  to  the  spray 
application.  I'ot.il  nominal  drv  1 ilm  thickiu'ss  was  2(i  mils.  Svstem  H, 

' which  was  applied  over  2 jic  I I o.im  was  p.irtiallv  d.ini.iged  during  tr.inspi'rt 

to  till-  lest  siti-s.  Svstem  HA,  ideiitcC.il  to  System  H,  was  aiiplied  over 
2.')  pc  f I I'.iiii  and  hid  h systesns  were  expe'Sed  at  tlie  test  sites.  This 
j hutvl  svstem  products  a v.i[ior  impi'rmeahle  I ilm. 

■ ’pitti”.  t •] ! p:’.e< ! fhis  svstem  c-onsisted  ot 

.1  h.isi-  co.it  ot  c.it.ilvzed  black  butvl  1 o 1 1 owed  by  .i  topco.it  ot  single- 
component  white  hvp.ilon.  The  two  components  of  the  butvl  were  mixed 
prior  to  s|ir. lying,  .iiul  the  application  r.ite  w.is  2 g.il/lOO  It-.  Tin 
■ hvpaloii,  .i[iplied  .It  the  r.ite  ol  2 g.il/llU)  tt^,  provided  .i  tot.il  svstem 

* nominal  drv  film  thickness  ol  22  mils.  This  co.iting  provides  .i  vapor 

impermeab I e film. 
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*(■  — Al:ii-n'f:ur:-t'ijfnented  ■!  "rrtfuyu-'  •v  r . 

ro.it  of  cat;i  1 vzoii , a lumiiium-p  i^tmoiUod  iiri'lli.-ino  ol.istomor  w.is  .ippliod 
al  tho  rate  of  2-1/2  to  3 jtal/lOO  fL*-  and  provided  a total  nomin.il  dry 
film  thirkness  I'f  2fi  mils.  fho  two  oompononts  wi're  mixed  priiir  to 
,ipp  1 ira  L i on . Tii  i s e 1 as  t I'mer  i r mating  lendi’d  to  flow  tow.ird  low  ari-.is 
on  the  panels  and  "puddle"  therein,  rausing  ratlu’r  thin  rover. ige  ol  llu' 
high  points  of  thi'  fo.im.  This  svstem  is  .i  moderatelv  v.ipor  pi'rrae.ih  1 1- 
ma  t e r i a 1 . 

S'-id.en  11  — Chlonn-itc.i  Hubbct".  This  system  ronsisted  of  two 
ro.its  of  .1  single-component  rhlorin.ited  riihher  ;i|>plied  at  the  r.ite  of  2 
g.il/lOO  ft^  pi‘r  ro.it  to  yield  .i  total  svstem  nominal  dry  film  thickness 
I'l  2h  mils.  The  two  coats  were  of  different  color  to  f.icilitale  complete 
rover.ige  hv  the  second  coat  hut  otherwise  were  identical.  This  svstem 
provided  .1  moder.i  t e 1 y vapor  permeabli-  film. 

r'ii'.r.e"is  I'ti  -jn.i  12A  — Hui-ilon  Two  identical  coats  of 

white,  single-component  hyp.ilon  mast  ii-  weri'  spray-applied  to  the  foamed 
panels  at  the  rate’  ot  2 gal/lOO  ft-  per  coat  to  give  a nominal  total 
svsti'm  dry  t' i Im  thiikness  of  33  (System  12)  and  29  (System  1 2A)  mils. 

This  coating  was  rather  thixotropic  and  difficult  to  .ipplv  using  a 30- 
to-1  r.itio  airless  spray.  As  .i  result,  the  film  .ipplied  .is  Svstem  12 
was  somt'wh.il  less  than  optimum.  In  a second  application  ov’er  2.3  pc  f 
foam  (System  12A),  a container  heater  was  used  to  warm  the  Lemiierature 
of  till'  mati'ri.'il  .after  thinning  at  the  rate  of  1 pint  of  thinner  per  3 
gallons  of  hypalon.  This  combination  made  the  material  less  thixotropic 
and  it  sprayi'd  very  we  i 1 with  .1  30-to-l  r.itio  airless  spray.  This 
svstem  gives  .1  vapor  imperme.ible  film. 

.'/■.afer  .’,3  — i^ata'!  !'i‘eth<ine  h'latHonef . This  svstem  consisted 

of  one  co.it  of  a c.a  ta  1 vzed  , a 1 urn  i num-p  i gmen  I ed  urethane  b.asi*  coat  .applii'd 
.at  the  rate  ol  2 g.a  1 / 1 00  ft-  and  one  co.at  of  c.atalvzed  white  .aliphatic 
ureth.iiie  topco.it  applied  .it  the  rate  of  1 g.al/100  ft-.  This  provided  a 
total  nominal  system  dry  film  thickness  ol  23.5  mils.  The  two  components 
of  both  the  b.ase  coat  .anil  the  topcoat  were  thoroughlv  mixed  prior  to 
a|ipl  ic.it  ion.  This  system  provides  a vapor  permeable  film. 

d’jnter'n;  i‘i  an  i I-!A  — M<  dstut'e-Curin'j  Uveihane  Klastonci' . This 
consisted  of  a single-component,  gr.ay  uri-thane  coating  that  cures  by 
re.acting  with  moisture  in  the  .air  and  by  solvent  ev.aporat  ion.  Svstem  14 
was  .applii'd  in  one  coat  .at  the  rate  of  3 gal/lOO  ft-  to  give  .a  nominal 
dry  tilm  thickni'ss  of  42  mils.  Application  with  the  3()-to-l  ratio 
airless  spr.ay  w.is  very  difficult  in  that  a propi'f  fan  could  not  hi' 
obt  .1  iiii'd . This  resulti'd  in  .a  vi'ry  nonuniform,  poor  quality  film. 
Application  of  this  iireth.ane  coating  as  System  1 4A  w.is  .iccomp  1 i shed  over 
2.3  [)(■  f foam  in  two  co.ats  after  thinning  .at  the  r.ate  of  1 pint  ot  thinner 
pir  ) gallons  of  coating.  This  gave  a good  fan  and  a very  uniform  film 
.at  tot.al  nominal  dry  1 i Im  thickness  of  39  mils.  This  system  is  a 
vafior  [lermeable  co.at  ing  film. 
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.■..■•'i'”:  li  — F.'bi’ilti'.i  Al:<r',iyiur-.\i'-p>ixlt  . This  svstfm  .ipplird 
m v'f  pi' I tii.im,  I'l'iis  i St  I’d  of  ono  oo;U  ol  a s i iig  1 1— oomponont  fihr.ili'd 

• ispit.ilt  appliod  at  tho  rato  of'  i gal/KHI  ft~  and  1 ooat  of  a singU- 
I'l'inponi  lit  I iliratod  a I uiiii  luim-asplia  1 1 appliod  at  I lu’  roiomrai’iidod  r.ito  ot 
’ galflOO  If.  Total  nominal  drv  film  thioknoss  was  ^4  mils.  This 
■.\siotn  is  v.ipor  impormo.ih  I o . 

T.xposuro  Siti’s.  thii’  ii.iiu’l  of  oaoh  of  tho  svstoms  dosiribod  .ihovo 
w.i'.  pl.iood  on  oxposnro  at  oaoh  of  throo  I’xpor  imonta  1 woathoring  sitos. 

Tho  s i t os  woii’  oafilullv  si-lootod  to  prov  ido  difforont  woathoring  oondi- 
tion,'..  'flu-  throo  oxporimontal  silos  aro  dosorihod  bolow.  t’anols  aro 
inolinoil  at  .i  sIo|H'  of  .ibout  5.5  in  Id. 

— foi't  iiuencnr,  'LiiL-'.ii’nla . This  sito  is 
.1  t ompi'f.i  1 1’  m.irino  atmosplu’ro  looatod  along  tho  ooast  about  hO  milos 
northwost  of  Los  Angolos.  Tho  oxporimontal  woathoring  raoks  shown  in 
Tiguro  1 aro  looatod  approx ima t o I y 20(1  yards  from  tho  surf  at  an  olovation 
of  .ibi'ut  10  foot  .ibovo  soa  lovol. 

: 1 1'  — I.^ki  , i'u  I ij'ofniu . This  siti-  is  a drv, 

higli  dosort  .iri'.i  looati’d  about  125  milos  northoast  of  Los  .\ngolos.  Tho 

oxposuri’  r.U'ks,  shown  in  Figuro  2,  aro  situatod  on  ono  of  tho  Lost 
rangi’s  .it  tin.’  N.ival  Wo.ipons  Contor  (NWC),  China  l.ako,  California,  at  an 
olovation  of  2,440  fi’ot  . 

' : W,  r’cr  Fite  — Pi^’kc!  ’kcuJovt;,  Califox‘’>ii.x . This  sito  is 
loo.itod  at  tho  M.irino  t'orps  .Mountain  Warfaro  Training  Contvr,  I’iokol 
Mi'.idows,  C.iliforni.i  fMCMWTC).  This  aotivitv  is  looati’d  in  tho  .Siorr.i 
Nov. id. i mount. lins  .ihoiit  18  milos  wi’st  of  Bridgoport,  Californ  a at  .in 
olov.it  ion  of  7,000  ii’ot.  K.iiks  .iro  shown  in  Figuro  5. 

Avor.igo  monthlv  wi.ithor  data  for  .ill  thri’o  tost  sitos,  luoluding 
timpor.ituro  .iiul  proo  i p i t .i  t i on  , aro  givi’ii  in  .Appondix  C for  tho  pi’riod 
th.it  tho  IT'F  rool  ing  p.inols  li.ivi-  bi’in  oxposod . 

Fort  orm.inoi’  Ch.ir.iot  or  ist  ios.  Tho  porformanoo  oharaotor  ist  ios  of 
till'  oo.itod  IT'F  roofing  svsti’ms  woio  dotormiiii’d  at  poriodio  intorvals 
(.ibout  (>  months,  I lo.ir,  18  months,  ,nid  2 vi-ars)  bv  visual  inspootions 
.ind  r.itings  ,ind  bv  iihotom.iorogr.iph  io  studios.  In  .iddition,  physioal 
mo.isuromoiu  s wvro  m.ido  on  tlu-  unoo.iti’d  oontrol  panols  to  dotormino  tho 
oxtont  to  whioh  tho  fo. im  dogr.idos  with  timo. 

. .’o’ ■ ; .5  . TIu’  visual  inspootions  consist 

of  a o.in-tul  studv  .iiul  r. it  ing  of  tin’  porform.inoo  I'h.ir.utor  ist  ios  of  tho 
oo.itod  IT'F  p.iiu'ls.  Sinoo  till’  first  signs  of  dot  or  ior  ial  ion  of  tho  IT'F 
Koofing  Systems  norm.il  Iv  ooour  in  tlu-  oo.itings,  tho  various  factors 
oonsidori’d  rol.iti'  I'tim.irilv  to  coating  porform.inoo.  Tho  porformanoo 
char. u' t or  i St  ios  th.it  wvri-  oonsidorod  inoludod  adhesion,  blistering, 

I hooking,  oohosion,  or.ioking,  f hiking,  pooling,  pinholing,  and  hail 
d.im.igi  . Wliori-  .ipp  1 io.ib  1 1- , porformanoo  oharao  t or  ist  ios  oovorod  by  .ASITI 
ITiot  ograph  i o Ri'foronoi’  St.ind.irds  wi’ro  used  in  assigning  ratings  to  the 
individu.il  oh. ir. lot  or  ist  ios . .All  of  those  factors  wi’ro  then  oonsidorod 
in  .issigning  tin’  ovi’r.ill  porfornuinoi’  r.itings  prosi’ntod  in  this  report. 
R.itings  wore  assigtu’d  .is  follows: 
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isliort-  sit..'.  Port  lliK-nom. 


Kxpi-r  intfiua  1 pan. 
t\i  1 i 1 orn  ia  . 


(h)  Winti’T. 

I''.xi)i' r i men  l a I paiu’ls  at  lolil  wiMtluT  s i 1 1- , Mt'MWTt!  , I’icki’l 
Ml Milows  , Ca  I i I nrii  i a . 


igurt 


K = Kxrolli-nt  — TIk-  system  is  pi^rtOrming  witlioul  any  noticeable 
det  er iorat  ion . 

Vt;  = V'erv  good  — Only  verv  minor  deterioration  ot  the  system. 

0 = Oood  Although  the  system  shows  some  deterioration, 

it  is  not  vet  serious. 

I’  = I’oor  System  det  er  ior.it  ion  is  becoming  serious.  Remedi;il 
action  will  be  required  in  tin*  near  future. 

f = Failed  — Deterioration  of  the  system  has  advanced  to  tlie 
point  of  requiring  immediate  maintenance. 

flu*  overall  per f orm.ince  ratings  are  given  in  Table  2 and  discussed  later 
in  the  ri'port. 

Photornarrofp'aphic  Studies . During  the  inspections,  photomacro- 
gr.iphic  studies  were  conducted  on  all  of  the  systems  at  each  site. 
Photom.icrographs  were  taken  of  five  different  spots,  about  1 inch  by  2 
inches  in  size,  on  each  panel.  A template  is  used  so  th.it  the  same  five 
spots  ari'  photographed  during  each  inspection,  thus  providing  a progres- 
sive record  of  coating  deterioration.  Knlarging  of  these  photomacrographs 
.also  provides  ,i  record  of  initial  det  er  ior.a  t ion  that  is  not  obvious  to 
the  naked  eye.  Results  of  these  studies  together  with  examples  of  the 
pliotom.icrographs  are  presented  l.iter  in  the  report. 

Fou'^  Denf'idation  Rate  Studies.  Kach  time  a group  of  coated 
IT'K  experimental  roofing  panels  was  placed  on  exposure  at  .1  weathering 
site,  uncoated  control  panels  were  also  exposed  at  the  same  site.  They 
wt*re  included  to  enable  determination  of  foam  degr.id.i  t i on  rates  us  well 
.is  to  disclose  i nl  orm.i  t i on  on  the  mechanism  of  degradation. 

The  device  for  determining  foam  degradation  is  shown  in  Figure  4. 

It  consists  of  .1  rigid  g.ige  reference  bar  (A),  m.ide  of  .iluminum  I inch 
thick,  which  is  [)ropi*rly  positioned  by  seating  its  legs  in  two  positioning 
p.ids  (15)  perm.inent  I y attaihed  to  the  supporting  2x4  inch  cross-piece 
of  each  panel.  Readings  on  the  specimen  are  made  by  inserting  a microm- 
eter depth  gage  into  each  of  11  holes  drilled  in  the  reference  bar;  in 
Figure  4,  the  depth  gage  is  shown  in  hole  4.  Degradation  of  the  foam  is 
di’termined  hy  noting  changes  in  the  distance  from  the  refi*rence  bar  to 
the  foam  surface  from  reading  time  to  reading  time.  Befori*  depth  g.igi'’ 
readings  are  made,  degraded  foam  is  brushed  .away  so  th.it  the  depth  gage 
is  seated  on  a sound  foam  surface.  The  foam  degradation  rate  w.is  deti*r- 
miiu-d  by  dividing  the  total  degradation  in  inclu*s  bv  the  total  exposure 
period  in  months.  Results  for  .an  exposure  time  of  8. '5  months  are  shown 
in  Table  ')  for  foams  having  densities  of  2 and  2 . T pi*  f . 

I..abor.a  t or  y Invest  i ga  t i ons 

In  addition  to  tin*  field  i-xposures,  selei'ted  physical  properties 
were  di-termiiu'd  on  co.ated  and  uncoated  I’UF  samples  .and  on  free  films  of 
the  coating  systems  included  in  tin*  investigation.  Tlii'se  properties 
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<»ajjc  ri'tcrciu, c bar 

Positioning  pails  lor  jfago  rcftTciuc  f»ar, 
MivronuTcr  ilcpih  jjajfc 


FiKiiri'  4 


Device  for  measvir  ins  rate  of  degradation  of  iincoated 
urethane  foam. 


i III- 1 iiilfci  (I)  adlifsion,  (2)  ros  istiinct'  to  w i nci-dr  i von  rain,  C3)  impait 
res  ist.ini'f,  and  (^)  tonsile  propor  t i os  of  froo  films  of  t lio  coating 
svsti'ms.  I’ropiT  t ios  (I)  tiiroiiKd  (3)  wore  dotorminod  on  spoi- imons  cut 
t rom  panels  oxposi’d  at  t lu‘  Port  lluonomo  site. 

Aillusion  Properties.  The  adhesion  of  the  various  coatin^^-  to  the 
I’l'f  was  determiiU'd  using  the  CKl.-deve  1 oped  adhesion  tist  method  on 
sampli’s  cut  from  the  second  set  of  coated  PL'F  panels  exposed  at  the  Port 
llui'nemi'  Site.  The  adlu'sion  properties  were  determined  before  I'Xposure 
anil  alter  3-  and  4-months  of  exposure.  The  test  consists  of  "gluing"  a 
cvlindricai  prohi'  to  the  coating  and  then  pulling  the  probe  from  the 
coated  specimen  in  a testing  machine,  causing  the  coating  to  fail  either 
in  adlu'sion  or  cohesion.  Kxcept  for  the  silicones,  the  probes  were 
glued  to  till’  coatings  with  a polyamide-cured  epoxy  adhesive.  A silicone 
.idhesivi'  was  used  on  the  siliione  coatings.  Ten  values  were  obtained 
lor  eaih  ci'ating  svstem  and  the  five  highest  values  were  averaged.  The 
testing  tixture  is  shown  in  figure  5.  Results  on  those  that  were  deter- 
mined are  presented  in  T.lble  4. 

file  adhesion  tests  were  also  employed  to  determine  liow  long  the  i’L'F 
I .in  be  allowed  to  rem.iin  uncoated  and  exposed  to  sunlight  and  weathering 
without  affecting  tin'  adhesion  of  tiie  coating  to  tin-  foam.  Twelve 
2x4  foot  p I vwood  |)anels  containing  foam  with  ;i  density  of  2.')  pc  f were 
placed  outside  at  Port  llueneme  to  weather  for  periods  of  1,  3,  24,  48, 

and  72  hours,  and  4 days  before  bi-ing  coated.  Six  of  the  panels  were 
coated  with  the  silicone  of  System  2 and  designated  as  Systems  2-1 
through  2-b  while  the  otlu'r  b were  coated  with  the  neoprene-hypa 1 on  of 
System  7 and  ilesigpated  as  Systi-ms  7-1  through  7-b.  The  adlu'sion  of 
these  coated  Pl’F  systems,  determined  after  being  exi>osed  for  two  months 
and  i or  nine  months  at  the  Port  Hueni'me  site,  are  presenti'd  in  Table  5. 

Wind-Dr  iviui-Ka  i n Res  iji  tajice  . The  procedure  described  in  military 
specification  Ml  l.-O-S'i'j  was  used  for  this  test.  Basically,  the  procedure 
consists  ol  providing  a curtain  of  water  on  the  coated  face  of  the  Pl'F 
stHcimen.  This  water-curtained  surface  was  then  pressurized  at  5 psi  to 
simulate  the  force  ot  a wind-driven  rain.  The  amount  of  w.iter  absorbed 
is  determined  by  weighing  the  specimen  lu'fore  and  after  exposure.  Table 
h shows  results  of  wind-driven  rain  tests  m;ide  on  specimens  cut  from  the 
second  set  of  panels  (exposed  at  Port  llueneme)  before  thi'v  were  e.xposed 
and  after  ex()osure  periods  of  3 and  9 months.  Table  7 shows  similar 
data  for  specimens  cut  from  the  ptinels  which  had  been  allowed  to  we.ither 
pr  ior  t o coa  t i ng . 

Impact  Resistance.  I'he  impact  test  device,  shown  in  Figure  b,  was 
similar  to  that  described  in  Reference  1.  The  impactor  (called  TUP  in 
Ri-ference  1)  consists  of  a plastic  cylinder  with  a 1 inch-diameter  steel 
ball  ;it  the  bottom.  Metal  shot  can  he  added  to  the  impactor  to  vary  the 
weight.  The  imp.ictor  was  dropped  through  a plastic  pipe  with  a 1-1/2 
inch  inside  di.imeter  for  ;i  distance  of  5 feet,  at  which  point  the  steel 
ball  portion  impacted  the  coated  surf.ace  of  the  PUF  specimen.  Starting 
with  the  minimum  weight  of  1 bO  grams,  the  impactor  weights  usi'd  were 
IbO,  200,  300,  400,  and  lOO  grams  (maximum).  K.ich  ti'st  was  continued 


ulU  i 1 thi'  imp.Ktor  caiisi'd  a tin-ak  in  tiu'  noatiiiK  or  until  tin-  maximum  of 
'()()  prams  was  roai'lual . At  loast  I ivo  imparls  wrrr  madr  .at  t-.irli  imp.ii  tor 
wriplit.  Ki'sulls  ol  tlirsr  trst.s  .an-  slu'wn  l>v  mr.ans  ol  Inar  praphs  in 
I'ipuri'  7. 

Trnsilr  I’roprrtirs  ol  I'rrr  I' i 1 ms  ol  Llii'  Co.aliny  Svstrms.  Tlir 
pronaliirr  tor  drtrrmining  tlir  trnsili'  propi’rt  irs  o(  ro.atinp  systems  used 
in  this  part  ot  tlie  I.abor.aLi'ry  investigation  w.as  ih.al  di'srribi'd  in 
Relerenre  1.  tll.ass  pl.ates,  one  surtare  ol  whirli  w.as  iriaiteil  with  .a 
reli’ase  .igiait  , were  pl.ared  .ilongside  the  expi'r  imeiu.a  1 I o.am  panels.  I'lie 
pro  t ei- 1 i vi‘  ro.it  ings  inriudt'd  in  lliis  investigation  weri'  .applied  to  the 
trr.iti'd  glass  surtari'  at  the  sami‘  time  they  weri'  a|)plii'd  to  llu'  foam 
siirt.na's.  Wheri’  tlu‘  svstem  ronsisted  of  two  coats,  both  tbe  base-  ro.at 
■ ind  topcoat  wiTe  applied  to  tbe  glass  pl;ite.  Tlu-  ro.ating  systems  wi're 
allowed  to  cure  on  the  glass  pl.ates  and  were  then  stripped  off.  I’rior 
to  test  ing,  till'  free  films  wiTe  |)ermitted  to  ecpi  i I i b r;i  t e for  .at  le.ast  7 
davs  in  .i  controlled  environment  of  ')()%  R . 11 . -and  7()‘’l-’.  I'hey  were  then 
rut  into  strips  .a  pprox  im.a  t e 1 y 2 im  wide  with  .a  siteri.al  cutter  and  their 
thickness  determined  with  .a  mii'roiiu-ter.  At  Je.ast  ten  specimens  were 
tested  to  lailure  and  the  live  highest  v.a  I iic’s  for  tensile  strength  and 
for  percent  I'longation  weri'  tiveraged . Results  are  listed  in  Table  8. 


RKSUl.TS  AND  I)  1 SCUSS  1 l)N 

Visu.al  Inspections  at  Kii'ld  Kx|)osure  Siti’s 

The  principal  objective  of  this  investigation  was  to  determine  how 
long  the  candidate  I'L'F  roofing  systems  perform  s.a  t i s f ac  t or  i 1 y when 
exposed  to  thi'  we.ather  .and  which  of  the  ctindid.ite  systems  were  superior 
to  the  others.  In  achieving  the  objeitive,  the  I’UK  systems  were  exposed 
to  thri'e  different  climtitic  conditions,  i.i’.,  marine,  desert,  .and  cold 
we.atiu'r.  Kxperii-nce  has  shown  that  if  the  I’l-'F  is  properly  applied  to  a 
suitiibly  prepared  substr.ate,  the  performance  of  the  system  is  prim.irily 
dependent  on  the  perform.ance  of  the  protective  elastomeric  coating 
system.  Th.at  is,  with  .a  high  <|u.ality  fo.am,  if  the  co.at  ing  performs 
well,  tbe  I’UF  roofing  system  ;is  a whole  can  giaterally  be  I'xpected  to 
piTform  Well.  The  |)er  I orm.ance  of  the  coiited  I’UF  panels  at  the  three 
sitis  w.as  monitored  periodically.  Results  for  each  of  tlu’  systems  .are 
t.ibul.ated  in  Table  2 ;ind  .are  discussed  below. 

Visual  inspection,  rating,  .and  photographing  of  tbe  exper  imentti  1 
t’UF  roofing  systems  at  the  three  sites  have  been  di>ne  at  about  b month 
iiUervtils  up  to  a current  tot;il  of  2 years.  Because  all  systi-ms  were 
not  exposed  .at  the  s.ame  time,  all  do  not  have  ratings  for  as  long  ;is  2 
years . 


Figure  Fixture'  tor  di'tornining  odliosion  pro 
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stmoiphfrr  before 


Sysli'ins  1 and  1(1  Calalyziai  Silicniif  KubbiT_  and  Cat  a lyzfd  I icotu' 
RnbbiT  With  (irannU'S.  Tbosi'  siliionn  rnbbor  .syntems  bavn  i>iT  t nrincd  vi-rv 
wi' 1 ! at  ilu'  Lbrof  sitns  tor  [uriods  ol  I to  2 years.  Systi'm  I retains 
dirt  and  thus  lias  a dirtv  Ktny  appearame  but  this  bas  not  aftisted  its 
pir  1 ornianee  . As  shown  in  I'i^nre  H,  d i r t - re  t ent  ion  is  not  a probli-ni  when 
nsiiiK  the  nmnuli’s  (System  1C).  The  pert  orm,inee  of  both  of  these  systems 
was  rateil  as  excel  linn  at  all  three  sites. 

Syji_U‘nis  2 and  2A  Mo  is  t nr  I'-Cnr  i njj  ji  i Hcinuy  Rubber  . Tlu’se  systems 
.ire  simil.ir  to  Systim  1 i-xeept  that  this  silii’one  cnri's  by  reacting  with 
moisture  in  the  .air  and  thus  does  not  require  special  spraying  equipment 
to  apply.  Atti'r  1 yisir  of  exposure  at  Pickel  Me.adows , the  perform.ince 
of  System  2 is  rated  .is  excellent.  Figure  9 shows  typical  clu-cking  or 
cr.icking  of  the  coating  which  occurri’d  in  depressions  on  the  Fort  ilneiiemi.- 
,ind  China  I.cike  panels  before  t liesi’  p.anels  were  exposed;  it  bas  not 
become  mori‘  si'vere  afti'r  two  years  of  exposure.  flie  performance  of  the 
systems  at  these  two  locations  was  r.ited  as  yery  good  for  their  n-spi-ctive 
exposnri’  periods. 

Systi'm  2A  [lanels  were  prepared  after  the  checking  or  cracking  was 
noted  on  System  2.  Ferformance  of  System  2A  was  r.ited  as  excel  li'nt 
after  b months  of  exposure  at  China  bake  and  Fickel  Meadows  and  1 year 
at  Fort  llueneme.  bike  the  System  I silicone,  the  System  2 moisture- 
.nring  silicone  rubber  .also  retains  dirt;  tbe  white  topcoat  attains  a 
dirtv  gray  .ippearanci*  on  exposure  which  h.is  not  .affected  its  performance. 

SysJ-em  ) C.italy;^zed  liuty  1 -HvpaJ  on . file  dense  solvent  pinholes  in 
the  topcoat  of  this  system  were  the  focal  points  for  incipient  deteriora- 
t ion.  file  topcoat  tended  to  lose  adhesion  and  curl  back  from  the  base 
coat  in  the  gener.al  area  of  the  pinhole.  The  photomacrographs  in  Figure 
10  show  this  qu  i 1 1'  d r.am.a  t ica  I I y for  the  panel  exposed  .at  Cbin.i  bake  for 
various  periods  ot  wi'athering.  The  topcoat  of  hypalon  gradually  peeled, 
exposing  the  butyl  base  coat  whicb  then  det  er  ior  iated  and  e.xinised  tbe 
foam  directly  to  the  weathi'r.  The  most  rapid  de  t er  i or  i .i  t i on  ot  the 
system  occurred  .at  Chin.a  l.aki'  where  it  had  f.aili'd  by  the  I’lid  of  tln' 
t irst  year  ol  exposure.  Ferlormance  of  System  T was  almost  as  poor  at 
the  Fickel  Meadows  siti',  where  the  system  w.as  also  ne.aring  failure 
following  one  year  of  exposure.  The  exposure  at  Fort  Hui'iieme  was  not 
cpiite  as  seven'  and  the  system  was  rated  as  good  to  poor  after  2 years 
of  weathering. 

Systems  4 jind  •4A  Catalyzi'd  Duty  1 -lly^i.a  1 on  . Vi-ry  di-nse  shallow 
solvent  pinholes  which  wen-  evident  when  the  paiu' 1 s were  exposed  h.ave 
not  lead  to  deterioration  of  the  co.it  ing  systiTi  to  d.ate.  The  coating 
systems  ol  System  4 weri'  d.imaged  slightly  in  tr.ansit  to  the  test  sites; 
thus  Systi'm  4A  was  prepari'd  to  suppli'nii'iit  System  4.  Afti'r  exposure 
periods  of  from  b months  to  2 years,  thi'  perform.ince  of  these  systems 
was  rated  as  I'xcellent. 


KiKure  V.  Clu-ik'-ng  I'r  cr;iL'king  of  raoisturo-Lur  ing  silicoiiL  rubber  oiting 
(China  i.ake;  before  exposure.) 


Sysji'm  Myjialun  M.istic.  Tliis  system  exhibited  dense  shallow 

p i nhe<ui-s  i zed  di'pressions  in  t hi'  eoatins-  However,  the  system  has 
perlormi'd  sa  t ist  ae  t or  i I v and  alter  exposure  periods  of  1 to  2 vears, 
this  Pl'F  rooting’  mati'ri.il  was  rated  as  excellent. 

Systems  h and  hA  Klastomeric  Acrvlic  JlmnJ  s um  . System  h was  a 
two-coat  application  of  this  coating,  while  System  hA  was  a single-coat 
app  1 ic.it  ion.  fhe  single-co.it  .'ipp  1 ic.it  ion  on  the  Port  lliieneme  p.inel 
resulted  in  v»'rv  light  checking  in  depressions  shortly  after  it  was 
pl.iced  on  (.'xposiire.  As  shown  in  figure  11,  this  checking  has  not  incre.ased 
during  exposure.  Simil.ir  checking  w.is  not  found  on  panels  of  .System  6A 
exposed  .it  tlu'  otlii'r  sites.  Although  the  performance  of  the  System  HA 
p.iiu' 1 exposed  .at  Port  HiieiU’me  w.is  r.ited  .as  very  good  after  two  ve.ars  of 
e.xposure,  .all  other  p.aiU'ls  of  both  Systems  6 and  6A  were  rated  as  e.xcel- 
lent  .after  exposures  of  I to  2 ye.ars.  As  with  the  silicones,  dirt  and 
soil  are  not  e.asily  w.ashed  from  the  surface  of  this  coating;  thus,  it  has 
a dirty  gr.ay  .ippiMr.ance  but  this  does  not  appear  to  affect  its  performance. 

Sy  s t em  7 Neoprynty-Hyj^^aJjMi . This  system  also  h.ad  m.any  shallow-to- 
dee|)  solvent  )iinholes  over  t lu‘  thrive  p.anels.  However,  to  d.ate,  these 
pinholes  have  not  contributed  to  deterioration  of  the  system.  After 
[leriods  of  we.athering  from  I to  2 ye.ars,  the  performance  of  this  system 
w.as  rated  .as  excellent. 

Syas  terns  8 and  8A  A1  urn  i num-P  igment  ed  Ca  ta  1 yz.ed  Butyl.  The  coating 
of  .System  8 was  slightly  d.amaged  during  transit  to  the  test  sites,  and 
System  8A  was  preparc-d  to  supplement  System  8.  Very  dense  sh.alh’W 
solvent  pinholes  were  char.ac  ter  ist  ic  of  the  .a  I umi  num-[)  i gmen  t ed  butyl  of 
System  8.  I'liere  were,  however,  only  scattered  pinholes  in  System  8A , 
presumably  hec.ause  of  better  application  [irocedures.  Pinholes  in  System 
8 became  more  evident  after  weathering,  particularly  at  Port  llueneme  and 
Pickel  Me.adows,  as  indic.ated  in  figure  12.  As  with  Systi’m  3,  the 
solvent  pinholes  .appe.ar  to  be  the  f oia  1 point  for  co.ating  de  t er  i or.a  t i on  . 
However,  this  system  is  still  performing  relatively  well  alter  1 to  2 
years  of  exposure  .at  the  three  sites.  Its  pi'r form.aiu-e  was  r.ited  .as  good 
.at  Pickel  Me.adows  (1  ye.ar)  , verv  good  .at  Port  llueneme  (2  ye.ars),  .and 
excellent  at  China  hake  (1  yisir).  At  report  time.  System  8A  h.ad  been 
exposed  lor  only  b months  at  Pickel  Misidows  .and  Chin.a  hake  .and  tor  only 
I ye.ar  .at  Port  llueneme;  (ii'rf ormance  of  .all  thri'c  paiu'ls  was  r.ati'd  .as 
exci'  I ! enl  . 

Systi'm  H — C.atalyzed  Bu  t y I -Hyp.i  1 on  . Although  this  system  also  h.id 
yery  di-nse  sh.a  I I ow- 1 o-deep  pinholes  that  appi-.ar  ch.arac  t i‘r  i s 1 i c ot  t hi' 
but  y I -hy[).a  I on  co.ating  systems,  there  .api'e.ars  to  he  little  or  no  co.ating 
deterioration  to  date.  fhe  performance  of  tlu'  system  was  r.ited  as 
excellent  after  I year  .at  Chin.a  h.aki'  .and  Pickel  .Me.idows  and  2 ye.ars  .at 
Port  llueneme. 
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Figuri-  11.  clu-ikin>;  in  di-prfssfd  .invis  of  .Systom  hA , 1 coal  acrylic 

ilastomor  after  various  periods  of  weatliering  at  Port  Hiionomo. 


System  10  — A 1 iiiii  i num-1’ ij£nii.'nty‘ci  Cyyt  a lyzfd  Uri’t  liaju' . As  men  t i omal 
earlier,  tliis  svstem  teiulid  to  flow  into  low  areas  on  t lie  panel  when 
.il>plii‘(l  anti  to  attain  a imicli  greater  thickness  at  these  points.  As  a 
result,  the  coating  was  somewhat  thinner  on  the  higher  areas  of  foam. 

To  ilate  this  has  not  affected  its  perlormance,  hut  incipient  deterioration 
may  lu‘  oicurring  as  indicatial  in  figure  I'j  hy  the  increasing  number  of 
black  sjiecks  hi’coming  evident  with  additional  expi^sure.  Its  performance 
was  rated  as  excel  limt  after  2 years  at  I’ort  Ihumeme  and  excellent  after 
I vi'ar  at  the  otiu’r  two  sites. 

Syst  eni  II  Ch  I or  i na  ted_  Ridiher  . Although  easily  stained,  this 
svstem  is  performing  very  well.  After  exposure  to  the  weather  for 
pi'i'iods  of  from  I year  at  Pickel  Meadows  and  China  hake  to  2 years  at 
I’ort  llueneme,  the  performance  of  this  system  was  rated  as  excellent. 

Systems  12  and  1 2A  y-  Hypalon  Mastjy.  System  12  s(irayed  vi'ry  unevenly 
and  exhibited  more  sha I I ow- 1 o-deep  pinholes  than  were  encountered  in  any 
of  the  other  systems  investigated.  System  1 2A  was  then  applied  under 
the  direction  of  the  manufacturer's  representative  and  went  on  (piite 
evenly  with  very  few  pinholes.  Contrasting  surface  textures  can  be  seen 
in  figure  14.  Both  systems  were  exiiosed  to  determine  their  relative 
performance.  To  date  both  have  been  performing  very  well  and  after 
I'xposure  periods  ranging  frtim  b months  to  2 years,  their  performance  is 
rated  as  excellent  at  all  Lest  sites. 

Sv.yt  em  13  — Ciitalyzed  J.Irethane  f.  1 ;ysj:  i inwr  . This  urethane  elastomir 
has  a combination  of  excellent  appearance  and  performance  that  has  been 
outstanding  to  date.  It  has  a glossy  white  appearance  and  does  not 
ritain  dirt,  thus  maintaining  its  excellent  reflective  surface,  as  shown 
in  figure  15.  After  I year  of  exposure  at  China  l.akc-  and  I’ickel  Meadows 
and  1.5  years  at  fort  llueneme,  the  performance’  of  this  system  was  rated 
as  exce I I ent . 

Syjytems  14  and  1 4A  — Mo  i s t ur  e-Ciir  i nyj  Cretluine  flastomer.  Cresat 
difficulty  was  encountered  with  the  application  of  System  14.  As  a 
result.  System  1 4A  was  a|)plied  under  t hc“  direction  ol  the  manufacturer's 
represental  ive.  As  with  Systems  12  and  1 2A , System  14  had  densc>  solvent 
pinholes  up  to  1/lb-inch  in  diametc’r  all  over  the  panel,  while  Systcmi 
1 4A  had  vt  ry  tew  pinholes.  Although  these"  pinholes  contributed  to 
d et  cr  i or  ia  t i on , t he-y  were*  not  the"  only  cause".  Tlie-  coating  te'iids  to 
I ha  1 k Very  he’avily  and  shows  seve’re"  che’cking  and  tiaking,  all  of  which 
are"  attributi’d  to  re"gre‘ssion  of  the  ure’thane  elastome’r  and  all  of  eyhieh 
contribute  to  progre’ss  i ve"  de"  t er  iora  t i on  such  as  sliown  in  figure  lb. 

Alter  I to  1-1/2  years  expetsure,  the"  perl  orm.ince  of  this  svstem  is  rated 
as  poor  to  failed.  Systt’m  1 4A  howt’Ver,  although  chalking  heavily,  is 
pt’rforming  be"tti"r,  and  after  b me)nths  to  1 ye*ar  of  exi)osure,  its  perfor- 
man<  e"  is  rated  as  ex("elle"nt  at  all  three  sites. 
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Figure  13.  Progressive  development  of  blaek  speeks  in  .iluminum  pigmented 
catalyzed  urethane  (System  10)  at  Pickel  Meadovs. 


(t.) 

Syst 

I'in  1 2A  . 

i Kiirc  1 h . 

Dili  c ri'iu  ( 
l)i)t  h livpa 

I's  in  siirl 
1 on  mas t i c 

.lCi‘ 

tfxturi-  In  lwiH'H  Svsti'iiis  12  and  1 2A 

iO 


Figure  15.  F.xcellent  clean  and  glossv  surface  ef  catalyzed  urethane  (Svsteni  131  alter 


Figuri’  16.  Progressive  det  er  iorat  ion  ot  mo  isture-eur  ing  uretliaiu 
(System  14)  after  various  periods  of  exposure  .it  i'iek 
Meadows . 


Sj.'s_ti’m  IS  Jill  rail'll  Aliimiiumi-Aspha  1 1 . Asphalt  and  aluminum- 
asphalt  I'uat  ings  havi'  bi'i'ii  wiili'ly  usud  ovor  foam  in  spite  of  poor  perfor- 
maiui's  in  thi'  field.  System  IS,  a hij;h  quality  f ib  ra  t ed-a  1 urn  i niim  asphalt, 
was  ini'luded  as  a control.  After  only  b months  of  exposure  at  the  China 
h.iki'  .and  I’ickel  Meadows  sites,  light  deterioration  in  the  form  of  al  liga- 
turing was  noted,  as  shown  in  Figure  17.  In  addition,  this  system  was  the 
only  eo.it  ing  invest  ig.ated  th.at  was  damaged  by  h.a  i 1 al  the  Pickel  Meadows 
sill';  hail  damage  c.an  he  seen  in  Figure  18.  However,  neither  of  these 
lorms  ot  deterioration  was  severe  and  this  system  was  rated  as  very  good 
at  both  Chin.a  hake  and  Pickel  Meadows  after  b months  of  exposure.  Sys- 
ti'm  15  was  performing  better  at  Port  Hueneme  and  was  rated  as  excellent 
after  12  months  in  a m.irine  atmosphere. 

Fi'.im  negr.'idat  ion  K.ite 

Since  the  loam  degradation  r.ites  on  uncoaled  p.inels  were  determined 
for  only  8. j months,  results  shown  in  Table  i cannot  be  considered  as 
completely  definitive.  However,  it  seems  apparent  at  this  point  that 
fo.'im  with  a density  of  2.5  pcf  degrades  in  thickness  more  slowly  than 
the  li'ss  dense  2 pcf  foam.  Additional  exposure  and  measurements  will  be 
required  to  verify  these  short-term  results. 

Adhesion  Properties 

As  noted  earlier,  a second  set  of  panels  of  the  15  systems  was 
exposed  .at  Port  Hueneme  for  determining  sever. il  profH'rt  ies  including  the 
adhesion  ch.arac  ter  ist  ics . These  panels  wi-re  arranged  so  th.it  thi'y  could 
bi'  periodically  removed  from  the  exposure  r.acks,  samples  cut  for  the 
selecti'd  (iroperty  tests,  .and  the  rem.aining  part  of  the  specimens  returned 
to  till'  r.ack  for  additional  exposure.  The  adhesion  proiiert  ies  of  the 
coati'd  I’ilF  samples  were  determined  after  j and  4 months  ot  exposure  .and 
ri'sults  .are  given  in  T.able  4. 

In  addition  to  the  adhesion  properties  of  the  co.it  ing- fo.am  systems, 
Tabli'  4 also  di'scribes  the  mode  of  failure,  i.e.,  whether  the  coating 
lost  adhesion  to  the  foam  or  to  itselt,  or  whi'llu'r  f.ailure  occurri'd 
cohesiveiv  within  thi'  coating  or  foam.  As  might  be  ixpei  t ed  , ,a  numbi'r 
of  the  sysli'ms  showed  mori'  than  one  mode  ot  lailuri'.  However,  lailuri' 
in  the  m.ajority  of  those  testi'd  occurri'd  cohesiveiv  within  thi'  t o.am 
(f.ailuri'  mode  b)  . This  would  be  ex|)ected  with  coaling  svsti'ms  h.iving 
good  adhi'sion  between  coating  .and  fo.am.  Only  .a  fi'w  of  the  t.ailures 
resulti'd  from  loss  of  adhesion  of  thi'  coating  to  thi'  foam. 

Till'  billy  1-hypa  1 ons  (Systems  f,  4,  and  9),  hv|>.ilon  mastic  (System 
5),  butyl  (System  8),  and  aluminum  asphalt  (System  15)  I'xhibitid  a 
ti'iideiiiy  to  fail  adhesively  or  eohi's  i vi' 1 y within  thi'  io.it  ing  system. 

This  occurred  to  .i  lessi-r  extent  with  oni'  of  the  .acrylic  I'l.astomers 
(System  b)  , and  two  ot  the  urethaiii'S  (Systems  1 1 and  14).  The  cohi'sive 
f.ailure  within  Systi'm  14  (a  moisture-curing  uri'thani')  .after  9 months  of 
ex|)osiire,  ociairred  primarily  within  the  severely  deteriorated  top  surfaci' 
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ot  tlif  i-oating,  whilf  with  t ho  hutvls  or  hut  y 1 -hy  pa  1 ons  and  the  aluminum- 
asphalt,  tho  cohosivi'  stmigtli  ot  t ho  I'oatinH  was  moroly  loss  than  its 
adlusivo  stron>;th. 

rill'  adlu'sion  proporl  it’S  showod  I'ons  idorab  1 o variation  ovon  within  a 
^iv'on  ^onorit.'  ivpo.  Tho  silit'onos  as  *i  olass  oxliibitod  tlit*  lowost 
adhosion  stron>>lhs,  around  10  kg/c-m^,  wh  i I o tho  liypalons,  nooprono- 
hvi'alon.  and  urothanos  goni'r.illy  had  adhosion  strongths  of  18  to  22 
kg/im"".  Tho  aolual  valuos  onoo  tho  foam  lias  1 a i 1 od  cohos  ivoly  (about 
10-12  kg/cm'  tor  tho  2 pcf  foam  and  1 h- 1 8 kg/im^  for  2 . '3  jxf  foam) 
apfuar  to  ho,  .it  li'ast  in  part,  di'pondoiU  on  tho  lonsilo  proporl  ios  ot 
t In.'  coat  ing. 

With  two  oxcoptions,  adhosion  proport ios  did  not  gonorally  show 
l.irgi’  ch.ingi's  with  incroasing  oxposuro  timo.  Both  tho  m^i  isturo-cur  ing 
uroth.ino  (S\o,tom  14)  .ind  tho  ,i  I urn  i num-;tspiia  1 I (Sy.stom  14)  showod  adhosion 
proport  its  that  woro  onlv  41)  to  hO/'  of  t ho  i r I'riginal  v.iluos  aftor  thoy 
had  wo.ilhorod  ti'r  up  to  ‘)  months  in  a marino  atmosphoro  at  Port  fluonomo. 
KxcojJt  for  I host'  two  svsioms,  it  .ippoars  that  continuod  woatlR-ring  will 
ho  ri'tpi  i roll  holoro  m.inv  of  t hoso  sy'stoms  h.ivo  sulticiont  do  t or  Lor  ia  t i tm 
to  roduco  thoir  adhosion  proport ios  s i gn i f iciuU  1 y . 

Tho  .idhosion  proj'ortios  wore  .also  dotorminod  on  tho  co.atod  PIU' 
panols  in  whiih  tho  I o.im  w.is  pormiltoti  to  ago  for  varving  poriods  of 
timo  priiir  t'  applii.it  ion  ot  tho  co.it  ings.  Thoso  proiiort  ios  wore  dott-r- 
minod  attir  tho  ..i.itod  I’ll  p.inols  had  wo.itiu-roti  .it  tlio  I’ort  Huonomo  sito 

t=  r 2 ami  h months.  K.  ^u  1 t s arc  givoii  in  Tahlo  4. 

Tnliko  tho  same  mi  i s t nr o-cur i ng  silicmio  systom  listed  in  fahlo  4 
(Svstom  2),  Svstom  2-1  through  2-h  showod  failure  mostly  as  loss  of 

adhosion  of  tho  i-o.iting  to  tho  f o.am  (failure  mode  3).  As  a result,  t ho 

stress  values  wore  low'or  (.8  kg/cm*-)  than  when  failure  occurred  i-ohosivL'ly 
within  tho  fo.im  as  in  Svstoms  2 .and  2.\  (10-11  kg/cm"").  While  this  is 
partlv  a ri'sull  of  oxposuro  of  tho  fo.am  to  sunlight  before  coating,  this 
exposure  is  not  tho  onlv  lactor.  fh  i .s  is  t lu‘  c.aso  hoc.iuso  in  thi.s 
series,  those  panols  exposed  onlv  1 hour  and  3 hours  hi'foro  coating  .also 
showed  .adhesion  valuos  ot  apjirox  ima  ti' 1 y 8 kg/ian^  while  s im  i 1 .a  r I y ^oxposi'd 
panols  of  Systems  2 and  2A  showod  .adhesion  v.a  I nos  of  10-11  kg/cm*'.  A 
studv  ot  tho  d.at.i  for  Svstoms  2-1  through  2-h  in  T.ablo  4 suggests  that 
.if  tor  9-months  r.ack  exposure  there  is  a decrease  in  the  .adhesion  of  the 
silicone  c 0.-1 1 ing  svstom  to  the  foam  hotwoon  tho  48  ami  72  hour  fo.im-.ago- 
boforo-co.it  ing  periods,  lh.it  is  between  Systems  2-4  and  2-4.  llowi-vor, 
.liter  2-months  r.ick  oxposuri',  tlu-ro  .iri'  subtle  reductions  in  tho  adhosion 
st.irting  with  Svstom  2- i (between  3 hours  and  24  hours  f o.im-.ago-hi'f oro- 
co.at  ing  per  iods)  . 

The  noopr oiU'-hvp.i  1 on , Svsti-ms  7-1  through  7-h,  sluiwod  a mori'  obvious 
roductiiMi  in  adhosion  striaiglhs  hotwoi-n  tin-  72  hour  and  7 day  foam-ago- 
bo  1 o r 0-1' oa  t i ng  pi  r i ml  ( i . o . , bi  t wi'on  S vs t i-ms  7-  i and  7— h ) . 1 hi'  initial 

adhesion  strengths  won-  essentially  the  s.imo  .as  lor  tho  s.amo  coating 
(Svstom  7)  given  in  lahlo  4,  and  most  of  tho  lai lures  occurred  cohosivi-lv 
in  till’  fo.im. 
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I'lu'ii'  .ippcars  to  hi'  very  little  diirerenee  in  t hi-  adlies  i ve /colies  i ve 
eharaeter  ol  Svstems  2-1  through  2-h  alter  weathering  9 months  eomiiared 
to  the  initial  valui's  ohtaini'd  after  2 months.  Systems  7-1  tiirough  7-h 
show  a greater  rediution  in  these  properties  after  9 months  compared  to 
the  2 month  I'xposures.  Ilowevi'f,  hecause  exposures  liave  been  short  term, 
longer  weatlu'fing  time  is  neei'ssary  to  determine  the  s ign  i f icance  of 
I lu'Se  data  . 

Wind-Driven  Rain  Resistance 

As  indicated  in  Tahle  6,  hefore  exposure,  only  three  systems  ahsorhed 
ahout  the  same  amount  of  water  as  the  uneoated  control,  i.e.,  around  2 
grams.  I'hese  wi>re  an  acrylic  elastomer  (System  6A)  , an  aluminum- 
pigmi'iited  urethane  (System  10),  and  an  aluminum-asphalt  coating  (System 
1 ■) ) . All  of  the  othi'r  svstems  ahsorhed  1 gram  or  less.  Tlie  checking  ot 
the  acrvlic  elastomi'r  (System  hA ) , shown  in  Figure  II,  probahlv  accounts 
tor  its  highi'r  absorption.  The  higher  absorption  on  System  10  appears 
consistent  at  I'ach  of  the  exposure  |)eriods  and  thus  is  apparently  inherent 
Idr  this  uri'thane  material. 

Alter  9-months  of  I'xposuri'  to  the  weather  at  Port  Huenenu',  more 
that!  halt  of  the  systems  gained  over  1 gram  in  weiglit  in  the  wind- 
driven  rain  test,  wh  i 1 1'  four  ol  these  gained  2 grams  or  mori'.  Ik'cause 
01  the  fact  that  some  ot  these  coatings  are  considered  water  vaiior 
permeable  wh  i 1 1'  others  are  considered  wati'r  vapor  impermeable,  it  would 
appear  that  the  relative  increase  in  water  absorption  may  he  mon-  imi>or- 
tanl  than  the  ai  tual  amount.  However,  the  data  to  date  lio  not  appear  to 
he  silt  1 ic  i etit  1 y strong  to  establish  criteria;  additional  e'Xiiosure  and 
testing  are  ri'(|uiri'd. 

i'he  sample's  ol  PlIF  svsli'ms  in  which  the'  foam  was  agi'd  prior  to 
coat  ing  (Svstems  2-1  through  2-(i  anil  Svsti'ms  7-1  through  7-h),  were'  .also 
.-ail)  i .'c  t eel  to  the'  w i nd-il  r i vi'ii-ra  i n ti'st  .ifti'r  exiiosure  pi'riods  ol  2 and  9 
months.  Results,  which  .are  [iresenti'd  in  Tahle  7,  do  not  show  anv  triuids 
.and  additional  I'xposuri'  will  hi'  reijuiri'd. 

Impact  Resistance 

The  coating  is  considi'fed  to  have'  taili'd  the  impact  ti-st  whi'il  it  is 
ruptured,  at  which  point  the  weight  ol  the  impai'tor  is  ri'corded  . This 
test  w.is  run  both  hetori'  samples  h.ul  hi'i'ii  exposed  and  .liter  they  h.id 
been  exposi'd  for  9 months.  Ri'sults  .ire  pri'si'nted  gr.iph  ic.i  I I y in  Figure 
7.  The  imp.ii  t te'st  result  m.av  hi'  an  indii-.ator  ot  the'  fi's  ist.anci'  of  the 
coated  I’DF  root  ing  systims  to  dam.ige  by  h.iilstones  .mil  to  some  extent  hv 
toot  tr.iltii'.  lioth  c.an  c.iuse  dam.ige  to  a svsti'm  having  low  im|xict 
res i St  ance. 

A study  ot  Figure'  7 [loints  up  si'Vi'r.il  i nt  eri'st  i ng  f.ictors.  First 
.ind  perhaps  most  important  is  th.at  .it  ter  9 months  ol  weal  lii'r  ing,  the' 

.1 1 urn  i num-.isph.i  1 1 (Systi'm  1>),  the  chlorin.ited  rubber  (System  II),  all  ol 
till'  hut  y 1 -hv|i.i  I ons  (Systems  i,  i , ,ind  9),  the  ,i  I urn  i num-p  i gmi'ii  t I'd  butyl 


(Svstfin  K),  tlu-  !U‘i>pri'Uf-iiyi).i  1 on  (Svslom  7),  t lu-  cal.ilv/oil  siliioiu- 
ISvsU-m  1).  iiv|i.iIon  mastic  (SysLcm  12),  and  t lie  a 1 nm  i nnm-p  i Knien  I i-d 
methane  (Svstem  10)  were  rupCurc-d  hy  .in  imp.Ktor  weiKht  nl  200  >;ranis  or 
less.  The  other  livp.iKui  mastics  (Svstems  b and  12A)  both  ruptured  at 
illO  ^r.ims  ( ‘)  months  wi-atherinp)  v./h  i 1 1'  one  ol  the  silicotus  (Svstem  2A) 
dill  not  tail  until  t lu'  weight  h.id  reaclu'd  AOO  grams.  One  ol  the  airvlic 
I l.isti'iners  (Svstem  h)  i a i 1 isl  at  lOO  gr.ims  while  the  ri’m.iining  acrylic 
(Svsti-m  f)A).  a nu' i j.  t ure-cur  i ng  silicone  (Svstem  2),  cat.ilvzid  urethane 
(Svstem  I!),  and  the  mo  i s t u ri‘-cur  i ng  urethanes  (Svstems  14  and  1 4A)  h.id 
not  taili'd  at  the  maximum  weight  ol  500  grams. 

■ lust  how  tiu’se  results  compare  to  "imp.icts"  that  a I’UK  rooting 
sv  tern  might  reasonably  he  expected  to  rei-eive  from  workmim  on  a root  or 
Iron)  hailstones  is  not  known  at  this  tiiiK>.  However,  it  is  finite  likely 
that  .liter  a minimum  of  9 months  of  weathering,  .a  1 urn  i num-.ispha  1 t s , 
chlorinated  rubber,  hutvls,  hut v 1 -hy pa  1 ons , .ind  neoprene-hypa 1 on  coating 
svstems  l.ick  what  may  he  considered  a minimum  reipiired  impact  resist, nice, 
llie  silicones,  acrylic  elastonuTS  .and  cert.iin  urethanes  appear  to  have 
aver.age  to  excellent  nsistance  to  impact.  Addition.il  study  and  testing 
Ol  the  imp. let  resist. nice  of  the  coated  I’l  l-'  svstems  .are  refpiired  in  order 
to  ipiantifv  and  correlate  with  mechanic.il  dara.ige  such  .is  that  c.iused  hv 
wairknien's  shoes  and  th.it  caused  hy  h.i  i 1 s t one.-, . 

Iciisile  I’ropirt  i i-s  of  free  Films  oi  thi'  (io.it  ing  .Svstems 

free  films  ol  the  total  coating  svstems,  both  b.asi-  coat  ,ind  topcoat 
wlure  .ipp  1 icah  I e , Wi-re  prep.ired  .it  the  same  time  as  the  exposure  panels. 
The  frte  t i 1 ms  weri-  stripped  t rom  the  glass  pl.ites  to  which  t hev  h.id 
been  .ipplied  .ind,  alter  curing  times  ot  J,  (i,  .ind  12  months  undi'r 
.ambient  l.ahor.atorv  coi.dit  ions,  weti'  cut  to  size  and  tested  to  lailure  in 
tension.  Kesults  .ire  presential  in  fable  8 tor  tensile  strength  In  grams 
per  square  millimeter  ami  elongation  in  percent.  Because  ol  the  i on- 
straints  of  t inie,  not  all  svstems  wi're  tested  at  the  }-  and  12-month 
■uriiig  pi'riods.  However,  .i  siif  1 ic  iint  number  ol  the  svstems  weii-  tested 
.it  either  two  consecutive,  or  all  three  periods,  to  di'termiiie  the  elicits 
III  .iging  in  tin-  l.ihor.itory  on  tensile  strength.  While  tlu'ie  were  som.- 
v.ir  i.i  t i ons , in  most  casias  the  Iiaisile  strengths  incriaisi'd  .ind  the  elong.i- 
t ion  dei  n-ased  as  the  I'xposure  t imi'  increased.  This  same  trend  is  .also 
typical  ol  conviait  iona  I paint  svstems  lb]. 

Wood  tensile  propiuties  for  coating  systi'iiis  lor  I’ff  .ire  helievid  to 
he  ol  prim.iry  import. nice,  because  high  tensile  strength  .ind  high  elong.i- 
tion  insiiri’  a coating  with  good  llexihililv.  C.ood  Ilexihiiitv  is  requiriai 
to  eii.ihle  .1  coating  svstem  to  .iccommod.i  t !•  the  r.ither  l.irge  expansions 
.ind  con  t r.ic  t i ons  that  occur  when  I’I'f  is  suhje.ted  to  vicious  temper, itufe 
ivcling.  The  following  discussion  is  concerned  prim.irilv  with  tensile 
(iropertv  ri'siilts  1 rom  the  h-month  lui  e t ime. 

Itlle  ol  the  most  sigllilicailt  t I’Sil  I I s ill  l.lhle  8 is  the  excellent 
ten.sile  strength  ol  Svstem  11,  a i.it.ilv/ed  uieili.nu-.  fhe  tensile 
treiigth  lor  this  svstem,  I , I l>  gm/mnr  , w.is  con.s  i de  r.ih  I v higher  t h.in  lor 


It. 


.mv  ot  t lu-  ntlior  svstims.  Tin.-  iu>xl  higlifst  v;i  1 lu-  was  311  gni/mm“  lOr 
Svsti  m 7,  a lU'opt  iMU’-livpa  1 on  . TIh'  nrot  lianos , ni'oproiu— liypa  1 on  , and 
siliooius  goni’fallv  had  rolativoly  good  tonsilo  slrongths  wh  i 1 o tlif 
bu  t V 1 -hvp.i  1 ons , liypalons,  aorylios,  and  a 1 urn  i num-asplia  1 1 s exli  ib  i I od 
modoralo  U'  poor  strengths,  si'me  as  low  as  40  to  SO  gm/mm^. 

Iho  ilongation  ot  System  15  is  not  quite  as  high  ;is  another  urethane 
(Svstem  10)  at  till'  b-month  period.  However,  after  1 year  of  curing. 

System  IS  has  the  highest  elongation  at  779%.  The  exceptional  elongation 
of  System  1 '5  is  illustrated  in  Figure  19(a)  before  testing  and  19(b)  on 
re.iching  maximum  elongation  just  belore  failure.  Notice  in  Figure 
19(b),  the  white  topcoat  has  tailed  giving  the  specimen  a lacy  .appearance. 
The  base  co.it  is  the  backbone  of  the  system.  The  hyp.alons,  neoprene- 
hvp.alon  .and  but  y 1 -hypa  1 ons  h.ave  elongations  of  '300%  to  500%.  Klongation 
ot  the  silicones  is  not  very  high.  Some  of  the  butyl,  buty  1-hyp.a  Ions 
.ind  chlorin.ated  rubber  coatings  had  elong.ations  less  than  100%  while 
elong.ation  of  t hi'  a 1 urn  i num-.asph.a  1 1 (System  15)  w.as  only  17%. 


CKNKRAl.  DISCrSSlON 

In  an  e.arlii'r  report  |3|,  it  was  st.ated  th.at  tensile  strength  may 
be  more  import.ant  than  elongation  with  respect  to  the  .ability  of  coated 
FL'F  systi'ms  to  withst.and  impact  d.am.age  from  objects  such  as  hailstones. 

It  was  felt  th.at,  bec.iuse  of  the  dynamic  n.iture  of  .a  f.alling  object  such 
as  a h.ailstone  impacting  on  the  roof,  the  tensile  stri'ngth  might  be  t he 
determining  factor  .as  to  whether  or  noi  the  roof  w.as  d.amagi'd . 

On  the  b.asis  of  the  results  ri'ported  in  Kitereiice  3,  it  w.as  suggested 
.as  .1  rule  of  thumb  that  co.ating  systems  with  a ti'usile  strength  higher 
t h.an  300  ps  i (or  211  gm/mm^)  might  withstand  dam.age  by  hailstones,  while 
those  systems  with  tensile  stri'iigths  under  300  ps  i might  not.  It  was 
hopid  th.at  some  correl.it  ion  might  he  shown  between  the  tensile  strength 
.and  the  im|).act  resistanci'.  However,  on  the  basis  of  tlii'  pri'liminary 
inform.it  ion  shown  here,  this  does  not  appisir  to  lu'  the  case.  It  .appears 
th.it  tensile  strength,  elong.ation,  .adhesion  and  imp.act  ri'sist.ince  are 
the  most  import.ant  propertii's  with  ri'spect  to  a co.ating  system's  perfor- 
m.iiit  e on  I’I'F.  At  this  e.irly  st.agi-  in  the  progr.am,  howi'ver,  the  data  .are 
too  limited  to  .attem|)t  a v.alid  cor  ri' 1 .a  t i on  of  the  l.aboratorv  ri'su  1 1 s 
with  the  per  I oniuince  results  on  we.ather  ing.  .Moisture  absorption  deter- 
mined by  the  wind-drivi'ti  rain  test  may  or  m.ay  not  be  .a  good  indic.ator 
tor  determining  or  preilicting  e.irly  lailure,  bi'cause  it  appe.ars  as 
though  some  coatings  c.an  he  ni.ar  l.ailure  before  any  .apprec  i.ab  1 e change 
oil  urs  in  the  .imoiint  ol  moi.sture  .absorption.  In  any  I'Vent  , it  is  lelt 
th.it  with  .idd  i t ion.al  d.at.a  it  may  be  possible  to  develop  perlorm.ance 
iriteri.i  which  c.in  he  used  to  spec  i I y superior  coating  systems  for  usi' 
on  I’UF  roofs. 

lable  9 r.anki.  the  I'oating  systems  according  to  the  l.abor.atory 
tests.  AM  systems  h.avi'  been  ranked  within  I'.ach  ol  the  five  test  cate- 
gories; systims  th.it  perlornied  lu-st  .are  r.anked  first,  those  next  best  as 
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sfiniul,  .liul  so  on  witli  t ho  (loorost.  pirl  onnors  r;inkod  last.  Tlio  ranking 
posit  ii'iis  lor  oaoh  svsti'iii  in  all  1 ivo  tosts  wore  tlion  addod  and  all 
1 it  toon  svstoins  rankl'd  1 rom  I irst  to  fiftoonth  plaoo;  thoso  rankings  are 
shown  in  I'.ihlo  10.  System  Id,  rankl'd  as  No.  1,  is  consiiiered  the  best 
overall  poflormor  in  the  laboratory  tests  whiie  Sysli'iii  8,  ranked  as  No. 
la,  is  I'onsidi'rod  thi'  poorest  ])erfornK'r. 

It  is  interesting  to  compare  these  rankings  with  the  results  of 
portormanoo  given  in  Table  2.  When  one  considers  that  the  checking  or 
cracking  in  System  2 occurred  bel'ore  I’xposure  and  has  not  become  more 
severe  on  exposure,  this  system  h;is  been  perlorming  ipiite  sat  i s i‘ac  I or  i 1 y . 
rhus  the  tirst  nine  rankings  in  Table  10  can  he  rated  as  excellent  in 
t lu' i r pi'rt  ormaiu  I . The  eighth  systi'm  in  the  ranking,  a moisture-curing 
uri"  bane  (Svstem  1 4A ) , was  rated  as  exci'llent  after  1 year  of  exposure 
at  ’ort  Hueiieme.  however,  this  system  appears  to  he  subject  to  regressive 
dot  iorat  ion  and  it  is  expected  hat,  in  siiite  of  its  exceilent  physical 
properties  (as  measuri'd  in  the  laboratory),  severe  deterioration  will 
occur  within  tlu'  ni'xt  vear  of  exposuri'.  The  tenth-ranked  system  in 
Table  10,  Svsti'm  ),  has  essi'utially  failed  at  two  of  the  lliree  sites, 
while  No.  14  ,ind  No.  13  rankings  (Systems  13  and  8)  were  rated  as  very 
good  . 

It  should  hi'  noil'll  that  the  coating  systems  in  the  first  nine 
rankings  (aetuaily  10  sysli-ms),  consisted  of  uri'thani'S,  silicones,  a 
neo|)rene-hypa  I on , hyp.i  1 on  mastics  and  a chlorinated  rubber.  Oni'  acrylic 
svstem  was  included  in  thi’  top  ten  rankings  and  the  other  in  the  bottom 

six.  ilowi'Vi'r,  lour  of  tlie  six  systems  ranked  l;tst  tire  butyl  or  Inrtvl- 

h vpa  1 ons . 

I’erlormance  ri'sults  from  the  three  test  sites  do  show  somi'  vtiriaLions. 
As  I'Xpi'cted,  the  I’ort  llueni'mi'  s i 1 1'  appi'tirs  to  in'  slightly  less  severi- 
than  the  other  two.  It  is  pren.alure  to  attempt  to  d i I f er  I'li  t i a t e bi'twi'i-n 

the  niat  ive  sever  i t i es  at  the  t.'nina  hake  and  Picki'l  Meadows  sites. 

I)  i I f ereiK'os  in  severities  .ire  of  course  due  to  dilferi'iices  in  climatic 
conditions.  'Ihe  averagi'  monthli  woathi'r  data  for  the  tliree  sites  are 
given  in  Appendix  (! . Thesi>  data  show  that  (1)  the  Port  llueni'mi-  site  is 
a ratliir  temperate  clim.iti'  with  small  to  modi-rati-  .innua  1 rainfall,  (2) 

China  h.ike  is  a niuch  liottir  climate  with  I i t t 1 1'  rainftill  hut  avi-r.-igi- 
minimum  t i-mpera  t ures  that  do  drop  below  free'/.ing,  ,ind  ( i)  Pickil  Mi-adows 
is  a colder  region  with  very  low  aver.ige  t em()era  t ure , littli-  rain  and 
cons  i dor, 'lb  1 e snow  . 

The  avertige  temperature  d i I I erences  (ditference  between  avi-r.igi' 
maximum  and  average  minimum)  at  the  three  sites  during  the  test  period 
are  (I)  Port  llui-neme  about  2 1 ' K , (2)  China  l.ake  about  5 )"l''  and  (3) 

Pi  eke  I Meadows  .iboiit  40  P.  Thi'  magnitudes  of  these  d i f feri'iici's  provide 
an  indic.ition  of  the  tempi-rature  cycling  that  ociurs  ;it  I'.ich  location; 
it  is  this  cycling  which  is  so  si'Vere  on  tin-  (U' r forma  nee  of  the  co.i  t i ng 
systems.  Although  the  Picki'l  Mi'tidows  site  has  the  greatest  t empi'ra  t ure 
difference,  40  F”versus  i3*’p  for  China  hake,  it  may  be  that  the  China 
l.aki'  site  will  turn  out  to  hi'  the  most  sevi're  hi'cause  the  r.inge  of 
.average  t einpe  r;i  t ures  at  China  h.ike  is  about  20  P higher  than  ;it  Pickel 
Meadows.  Ilighi'r  t empi- r.i  t ures  cause  l.irger  I'xpansion  and  contraction 
cyi'ling  which  <in  .ide(|u;ile  coating  system  must  accommodati'  without  ftiilute. 
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R,AMM\BI[.ITV  AND  RKK  SAKR'V 


Till'  lol  lowing;  romnuii  t s .nul  obstTval  ions  art-  madi‘  to  ompiias  i zo  tlio 
importatu-o  ot  Ciro  satot\,,  a 1 ( lioiigli  tiro  tosts  of  root  iiij;  matorials  wore 
ni't  iiu'ludoii  in  tiiis  invosi  i^;al  ion.  Snsc-opt  i li  i 1 i I v to  ciama^i’  I’v  liri'  is 
alwavs  a poliiit  ial  probKm  with  plast  ii'  ma  Lo  r i a I s , and  I’L'K  systoms  aro 
no  (.-xiopi  ion . I’L'K  roofinjt  systi’ms  sliuuld  moot  tlio  samo  firo  roqui  romont.s 
as  any  otlior  root  ing  svstt'm,  and  slioiild  tiavo  Tiro  ratin>?s  as  ^ivon 
bo  1 ow . 

1.  Kxtorior  Kiri'  Kixposuro:  Totai  systom,  i.o.,  coating  matirial 

and  urotliano  ioani,  sboiild  bavo  a UI,  740  Class  A,  15,  or  (i  rating. 

2.  Intorior  Ki  ro  J'.xposnro : NAVKAC  Instruction  11520.20  requires 

that  urotbano  foam  component  ot  roofing  systom  shall  bavo  a flame  spread 
of  2')  <ir  less  and  a smoke  developed  rating  of  50  or  loss  (when  tested  in 
accordance  with  ASTM  K-8A  in  the  same  density  and  tliickness  as  will  be 
used  in  tlu'  actual  construction  application),  with  the  following  exception 
complianci'  with  flame  spread  and  smoke  developed  ratings  are  not  required 
when  I’l'K  roofing  systi'm  has  been  tested  as  a part  of  a roof  construction 
assembly  that  has  be..'n  fire  tested  and  listed  as  being  "Fire  Acceptable" 
bv  I'l.  or  listed  as  "Class  1 Roof  Deck  Construction"  by  KM. 

.NAVKAC  ))as  concluded  that  the  above  criteria  for  interior  fire 
exposure  are  not  applicable  when  I’lJK  roofing  systems  are  applied  to  the 
following  types  of  roof  decks: 

(1)  i’oured  gvpsum  or  pouri'd  concrete. 

(2)  Nominal  2-inch  thick  T6.t;  wood  plank  roof  decks  (Ol)ASD  has  pro- 
V i lied  wa  i ver ) . 

(5)  I’recasl  roof  deck  panels  or  planks  which  are  KM  approvi'd  as 
"Noncombust  i b 1 1‘  Roof  Deck  Construction." 

All  but  tour  of  the  coated  I’CK  roofing  svstems  si'lected  for  this 
invest  ig.it  ion  h.ul  a Ul.  740  Cl.iss  A,  15,  or  C r.iting;  the  I'xci'pt  ions  were 
■Systems  7,  10,  15,  and  15.  Of  the  exceptions.  Systems  10  .and  I 5 now 

h.ive  vari.it  ions  which  enabli-  them  to  meet  these  fire  requ  i remi'iit  s . 

In  reieiit  correspondence  with  CKl.,  NAVKAC  expressed  concern  tliat 
until. ir.e  fo.am  roof  systems  applii'd  directly  to  met.al  roof  decks  miglit 
constitute  .1  serious  hazard  in  the  case  of  .a  fire  originatiiif;  inside  t lie 
building,  i.e.,  a I’l'K  roofing  system  applied  d i ri'c  t 1 y to  the  exterior  ot 
a met.il  root  dl'ck  might  contribute  fin'1  and/or  smoki>  to  a fire  originating 
inside  the  building.  CKl.  believes  that  tl'i'  f i ri'  s.afety  of  I’UK  rooting 
svstems  iindi'r  tbesi'  conditions  should  be  istablished  as  soon  as  possibli". 
Since  this  typi'  of  roof  deck  construction  has  not  bei'ii  evalu.aled  for 
this  purpose  liy  either  Underwriter's  l,.abor.a  tor  ies  (Ul.)  or  by  K.actorv 
Mutu.al  (KM),  CKl.  has  suggested  to  NA'v'KAC  that  siuh  tests  be  conilucti'd  by 
both  I .abor.a  t or  i es  to  charity  the  issue.  Until  these  tests  are  conducted, 
CKl.  is  not  '•(.lonimend  i ng  the  .application  of  I’UK  roofing  svstems  direct  Iv 
to  metal  roof  decks. 
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I'lNDlNCS  AND  CONCI.DS  I ONS 


I'iiuiings  aiut  roiu’ las  ions  prasaiUad  a low  aro  based  on  the  ratluT 
slu'ft -t  erm  lab<iratorv  and  fii'ld  expt'snre  studies,  the  l.itter  bc‘ing  only 
t'  rnont  hs  to  d vears  duration.  Recognizing  that  2 vears  is  not  a signili- 
eant  length  ot  exposure  I I'r  i,'valuat  ing  a root  ing  system,  the  et)mments 
that  are  made  below  are  tinitative  and  therefore  suiijeet  to  later  moditi- 
eat  ion. 

1.  hranuU's  sprinkled  into  the  wet  toiu'oat  (System  ICi)  |>rov  ide 
additii'iial  protection  against  mechanical  damage  (including  impact), 
weathering,  bird  pi.‘cking,  and  they  also  im|)rove  general  appearance. 

2.  Mann  lac t uri'r ' s instructions  should  be  followed  explicitly 
during  application  of  .1  I’UK  roofing  system,  and  every  atleiiijit  shouUl  he 
made  to  eliminate  or  at  least  minimize  solvent  pinholing,  since  pinholes 
appear  to  be  focal  points  for  incipient  coating  deterioration. 

J.  While  it  is  generally  considered  gt'od  practice  to  apply  no  mori' 
foam  in  one  day  than  lan  he  overcoated  the  same  day,  aging  studies 
indicate  that  there  is  no  significant  loss  of  adhesion  of  the  coating 
system  until  the  exposed  foam  is  48  to  72  hours  old. 

4.  foam  degradation  studies  indicate  that  I'Ul'  exposed  to  the 
weather  ma\'  degrade  at  a rate  as  liigh  as  J/h  inch  per  ve.ir  for  f otim  with 
a density  of  2 jh- f and  1/9  inch  per  year  for  foam  with  a density  of  2.4 
pcf  . 

4.  Although  all  of  the  laboratory  jiroperty  tests  are  pertinent, 
till-  tensile  properties  of  a given  coating  systi-m  may  he  most  important 
hei'ause  they  are  indicative  of  its  Ilexihility. 

h.  Bei-ausi'  ol  tlu'  potent  i;il  for  solvent  pinholing  in  a number  of 
these  systems,  two-coat  systems  are  preferable  to  one-coat  systems. 

7,  The  (Tiina  l.aki'  and  I’ickel  Meadows  exposure  sites  are  considerably 
more  seyeri'  than  the  Port  llueneme  s i 1 . Because  of  its  higher  ambiimt 
temperatures,  China  hake  may  prove  to  he  slightly  more  severe  than 
Picki'l  Meadows. 

8.  B.c.ed  on  the  preliminary  results,  the  catalyzi'd  uri'thanes, 

in  opreiu—hy  pa  1 on  , silicones,  hypalon  mast  iis,  clilorinated  rubber,  and 
a.  lylics  have  hi'tti'r  performance  cha  rac  t e r i s t i cs  than  the  butyl,  hutyl- 
hypalo,  s,  a I urn  i num-as()ha  I t , and  a moisture-curing  urethr.ie. 


KhCDMMKNDAl IONS 

Based  on  both  the  laboratory  and  t ield  data  ri'ported  herein,  t he 
following  reconmienda t i ons  are  madiO 


1.  riu’  lollmyin^  OKitiiif;  syslt'ms  usc'd  ovit  spr.iy- <ipp  1 > '■'^1  •’'■'t'' 
svsti'nis  will  >;ivt'  llu‘  hi-st  ffsiills:  t Ik‘  silicoiu's  (Systems  1,  1(1,  2 or 
2A ) , e.it.ilvziwl  uritli.inos  (i  ire-rotiHi  versions  ol  Systems  10  ;md  I i), 
hvp.iton  mastie  (Svsli'm  S)  , aery  lit-  elastomer  (System  S)  , or  neoprene- 
livpali'ii  (SvstiMii  7). 

2.  ITS  roi'l'iiiK  systems  should  have  a Ul.  790  Class  A,  B,  or  C 
r.itinjt  and  should  conform  to  NAVTACINST  11520.20,  i-xei-pt  when  apjilied 
ovi  r the  lol  lowing;  tvpes  of  roof  dis'ks: 

ta)  I’ouri'd  gvpsiim  or  pcnired  coneri'tt’. 

(h)  Nominal  2- inch-thick  T&C  wood  plank  root  decks. 

(c)  I’ri’cast  root  deck  paiu’ls  or  planks  which  are  KM  ap[)roved 
as  "Noncorabus t ih  1 e Roof  Dt'ck  Cons t r uc  t i on . " 

3.  No  more  f(iam  should  he  a[iplied  on  a given  dav  than  can  n-asonably 

he  I'wrci'ated  the  same  day.  If  unexpeited  delavs  (H'cur,  the  coating 

should  he  a|iplii'd  hv  no  later  than  the  end  of  the  second  day  after 

I I'am  i ng  . 

a.  When  the  silicones  or  ai'rvlic  are  used  (Systems  I,  2,  or  h)  , 
mineral  root  ing  granules  should  hi'  sprinkled  into  the  wet  topcoat  to 
(a)  iiuri'ase  aiirasion  risistance,  (h)  imfirove  resistance  to  bird  pecking, 
anil  ((  ) im()rove  geiuTal  appearance. 

h . A minimum  thickness  of  2- 1 / 2 to  3 inches  of  I’l'K  should  he  used 

to  mi'et  DOI)  criteria  for  energv  conservat  ii'n  in  roofs  (C  = O.OS  Btu/hr 

S';  ft  "K). 

B.  I’l'F  tiaving  a densitv  of  2.5  to  3.0  pcf  should  he  used  hecause 
it  is  less  hidiject  1 1'  mechanical  damage  than  lower  density  foam. 
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l.ilili-  1.  Svsli‘iii  Disrr  i |>!  inns 


.'.stnm  Dns  i );n.i  I i nn  .mil  (inlor 


(!a  t .1  I v /nil  silinonn  ruhlur 
li.isn  nn.it,  mndium  gray 
TojK-oat,  nninnnt  grav 


No.  ol 
Coa  ( s 


Dry  I'  i I m 
I li  i n knnss 
(mi  Is) 


Ti>L,i  1 
(mi  Is) 


1 


n . 

/.() 


20. 


Ca  l a I v/.nil  silinonn  rublmr  with 
gr.inu  I ns 

Kasn  noat  , nu'dium  gr.iy 
Toin-oat  , i nminU  grav 

Mo i s t nr n-nn r i ng  silinonn  ruhhnr 
Basi’  noat,  light  gray 
I'opnoa  t , wh  i t n 


n.  ^ 

7.0 


20.  ') 


h.O 

I a.  ■) 


2 ).  5 


Mo  i st  nrn-nnr  i ng  silinonn  rnbbi-r 
Basn  noat,  light  gray 
Topcoat,  whitn 

(.'a  t a 1 yznd  bu  t y 1 -l)  V pa  1 on 
Biitvl  basn  noat,  blank 
llypalon  topcoat,  whitn 

Cat a I y znd  bu t y 1 -by pa  1 on 

Catalyznd  butyl  basn  noat,  tan 
Onn-nomponnnt  hypalon  topcoat, 
wh  i t n 

Ca  t a 1 yznd  but  y 1 -by pa  I on 

Catalyznd  butyl  basn  coat,  tan 
Onn-nomponnnt  hypalon  topcoat, 
wh  i t n 


8.5 

7.5 

n . 0 

5.0 

14.0 

7.0 


1 b.O 
18.0 

21.0 


14.0 

7.0 


21.0 


Hy pa  1 on  mast  i n 

Hypalon  mastic,  whitn 

Klastomnrin  airylic  emulsion 
Acrylic  emulsion,  whitn 

Klastomnrii  .inrylic  emulsion 
Acrylii  emulsion,  whitn 

Nnoprnnn-hy pa  1 on 

Nnoprnnn  basn  coat,  black 
Hypalon  topcoat,  white 

Aluminum-pigmented  catalyznd  butyl 
Catalyznd  butyl,  aluminum  gray 


1 

2 


3 

2 


lb.  5 

41.0 

34.0 


9.0 

13.0 


22.0 


2 


2b.  0 


T.ib  ! (.'  1 . (a'iU  i nui'd 


Svstoni  l)i-s  i>;na t i on  aiul  Color 

N'o.  ol 
Coa  t s 

Dry  F i 
1 h i c kne; 
(mils. 

A 1 uni  i num-p  i >;nu'n  t oil  oatalyx.oii  bulyl 
Catalvzoil  butyl,  .ilumlmim  gray 

2 

Ca  l a 1 yzod  bii  t y 1 - by  pa  1 on 

Catalyzed  butyl  base  coat,  black 
( )uo-ooinporu'iU  liviialou  topcoat. 

1 

r> . ') 

wli  i t o 

A 1 uni  i iiuni-|)  igini'Ul  od  ratal  y zed 
urelbaiu'  elastomer 

Catalyzed  unOliaiU'  elastomer, 
a 1 urn  1 iiuni 

Chlorinated  rublu'r 

Chlorinated  rubber  base  coat. 

1 

1 

gray 

Chlorinated  rubber  topcoat. 

1 

14.0 

wli  i t e 

1 

12.0 

Hyp.alon  mastic,  white 

2 

- 

llypalon  mastic,  white 

Catalyzed  ureth.ine  elastomer 

Catalyzed  uri’thane  base  coat. 

2 

aluminum  gray 

Catalyzed  urethane  topcoat. 

1 

19.0 

wh  i t e 

1 

8.5 

Mo  istur e-cur ing  urethane 

Klastomer,  gray 

Mo  isture-cur ing  urethane 
Klastomer,  gray 

1 

2 

Fibrtited  a luminum-aspha  1 1 

Fibrated  asphalt,  black 
Fihrated  aluminum-asphalt , 
a 1 uminum 

1 

1 

22.0 

22.0 

Tot  .1  1 
f m i Is) 

Jb.O 

22.0 

20.0 

26.0 

)'3.0 

29.0 

2 ).  5 

42.0 
)9.0 

44 . 0 


;i  1 uminiini 


22.0 


Table  2 Performance  Ratings*^  I i>r  Cioated  PIT-  Rt>ofing  S\stems  Exposed  af  the  Three  Sites 


l ablc  2 Caintinufii 


T.iblc  5.  Degradation  Rates  of  Uncoated 
Period  of  8.3  Monttis 


PUF  for  a 


Foam 

To  t a 1 

Degradat ion 

Dens i tv 

Degradat ion 

Rate 

(pcf) 

(in.) 

(in. /mo ) 

2.0 

0.11 

0.014^ 

2.5 

0.072 

0.009 

'^Average  of  3 panels. 

^Degradation  rate  = total  degradation 
d iv ided  by  8.3. 
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Adhesion  Properties  of  (kiatings  on  Pl’K  Roofing  Panels 
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Tablo  7. 


Ri'siilts  of  Wiii(i-I)r  ivfii  Rain  TostiiiH  ol  Coa'od 
I’l’F  I’anols  Woa  t luTod  lUd'oro  CoatiiiK 


SysU'tn  Niimbor 
and 

Doscr ipl ion 

Foam 
Be  fore 
Coa  t i 

(lain  in  Weight  (grams) 

Two  Months 
F.xposure 

NiiU'  Months 
Kxposure 

Mo  ist  iiri— ('ur  ing 

Silicono  Rubber 

2-1 

1 bour 

0.5'^ 

1 .b 

2-2 

'3  bours 

0.7 

1 .8 

2-i 

24  bours 

0.  7 

1 . 5 

2-4 

48  bours 

1.0 

0.9 

2-5 

72  bours 

2.0 

1.9 

2-b 

9 days 

1.0 

1.0 

\eoprene-Hvpa 1 on^ 

7-1 

1 bour 

1.8 

1 . 6 

7-2 

3 bours 

1.4 

1 .b 

7-3 

24  hours 

2.0 

1 . 6 

7-4 

48  bours 

1 . 4 

1 . 1 

7-5 

72  bours 

1.4 

1 .0 

7-h 

9 days 

1 .8 

1 . 7 

ri 

Kxposfd  t-o  wind-dr  ivon  rain  tost  for  2A  liours. 

^All  coalings  on  [lanols  of  this  systom  oxiiihiti-d  di-nse  solvont 
p inliol  iiiK- 
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I'atilf  8 I cnsilf  l est  Kfsults  of  I rof  t ilms  of  (boating  System"!  for  I’Uf 


SA 


Speed  of  testmg  was.  0 5 cm  per  minute 

Length  of  time  that  free  coating  films  cured  under  ambient  lahorator%'  eonditions  tietorc  testing 


TahU>  10. 

Conso  1 idatt'cl  Ranking  of 
Systems  Based  on  Table 

Coated  PUT  Roofing 
9 

Rank  in^; 

System  Number 

Deser  ipt ion 

1 

I 3 

Urethane 

2 

7 

Neoprene- by pa Ion 

3 

2A 

S i 1 ieone 

4 

2 

S i 1 i cone 

4 

10 

Urethane 

5 

5 

Hypalon  mastic 

6 

1 1 

Chlorinated  rubber 

7 

6 

Aery  1 ic 

8 

14A 

Urethane 

9 

1 

S i 1 icone 

9 

12A 

Hypalon  mastic 

10 

3 

Butyl-hypalon 

1 1 

9 

Buty 1-hypalon 

12 

4 

Butyl -hypa Ion 

13 

6A 

Aery  1 ic 

14 

15 

A luminum-asphal t 

1 5 

8 

Bu  t y 1 

1 


Ap|H‘nclix  A 


KOAM  AND  COAT  INC  M,\TKK1AI.  NAMKS  AND  SOURCES 


RUE  MATER  I A I. 


Proprietary  Name 


CI’R  L’pjolin  A85-2  (2  pcf) 

CPR  Upjohn  485-2.5  (2.5  pet) 


Source 

CPR  Division 
The  Upjolin  Company 
555  Alaska  Avenue 
Torr.ince,  California  4050) 


COATINC  EWTERIAI.S 


Coating;  System  No. 

1.  Silicone  we.ither  coalings 

■))08/W501C  base  coat, 
medium  gray 
))04/W)007C  topcoat, 
cement  gray 


Source 

Silicone  Products  Department 
Ceneral  Electric  Company 
Waterford,  New  Vork  12188 


j-5000  Construction  Coating 
Cray  base  coat 
White  tojH'oat 


Dow  Corning  Corporation 
Midland,  Michigan  48640 


).  U.  S.  Polymi'ric 

PC-8105  butyl  base  coat 
PC-8204  hypalon  topcoat 


U.  S.  Polymeric 
700  East  Dyer 

Sant. I Ana,  C.alilornia  92707 


K I .ist  ron 

E 1.1  St  roll  No.  8 58  butyl 
b.ise  co.it 

i;i,islomir  No.  35  hypalon 
topi  o.il 


United  Coatings 
1130  E.  Sprague  Ave. 
Spokane,  Washington  99202 


Monolar  m.istic  (hypalon) 
No.  f)0- 36 


Post  er  1)  i V is  i on 
Amchem  Products,  Inc. 
Ambler,  Pennsy  1 v.in  i.i  19002 


6.  Diathon  (.n  rvlic  el.istomer) 


Un  i t I’d  Coa  t i ngs 
I I 30  E . Spragui’  Ave . 
Spokane,  Iv'.ish  i ngt  on  99202 
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Coating  S vs  tom  Ni>. 


Sour  ti' 


7.  (iaoi'- K 1 1’x  (Jatos  F.ng  i ni'or  i ng  (iompany 

N- 1 1 8 nooprono  baso  t-oat  W i 1 m i tigton  , Di'lawari' 

H- I 0 hvpalon  topcoat 


8.  Vapalon  (butyl) 

yo.  bl2h  Aluminum-gray 


Kxxon  Cliomical  Company  I'SA 
82)0  Stodman  Struct 
llc'uston,  Texas  7702^) 


Cbom-Klast 

'jOll  l)utyl  base  coal 
5501  bypalon  topcoat 

10.  Kool-Klox  (urotb.ino) 
Aluminum  155 


11.  K 1 as',  omi’r  i c Root  Coating 

8)0-11  (I'h  I or  i na  t od  rubber) 


12.  (iaco-Klex  Hvpalon 
11-2  500 


1).  Wea  t lu-r /K  I ex  I’lus 

I rat  bane  TOO  has*-  ct)at 
Ir.itli.ine  594  topco.it 

14.  K1  ;is  t o-I)i'ck 

F.  I as  t o-[)ec  k 5001 


15.  A1 nmanut ion 

I’ernuiroor  b.ase  coat 
Alumanation  '301  topcoat 


I’lasChem  Coalings 
Fag  1 e-P  iclii’r  Industries,  Inc. 
b TOO  Dartner  Industrial  Drive 
St.  Louis,  .Missouri  b'TlTO 

Car bo  I ine 

Rooting  Products  Division 
T50  Hanley  Industrial  Ct. 

St.  Foil  is,  Missouri  b)144 

Tbe  FlintKote  Company 

480  Central  Avenue 

Fast  Hiitlifrforcl,  Sfw  Jersey 

0707  ) 

Caco-Wis t ern , Inc. 

P.  0.  Box  88698 

Se.ittle,  Washington  98188 

Iralhane  Systems 
Industrial  Park 
nibbing,  Minnesot.i  55746 

Pacific  Polymers 
15801  Moran  Street 
On  it  F 

Wes  t m i ns  t e r , Ca 1 i f o r n i a 
4268) 

Republic  Powdered  Metals 
2628  Pearl  Road 
Medina,  Ohio  44256 
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Appendix  B.  Continued 


cont inued 


Appendix  B.  Continued 
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Appendix  C 

AVERi\GF':  MONTHLY  WEATHER  DATA 


Weatiier  data  obtained  from  monthly  National  Oceanic  and  Atmospheric 
Administration  Publication,  "Cl  imatolof' ical  Data." 


I- 


T.il)  U>  C-1.  Avcrago  Montlilv  Weather  Data,  I’ort  Hiii-iieme, 
Ca  1 i f’ornia''^ 


Mont  h 

Tempera  t ure 

I’rec  i p i ta  t i on 

Average 
Max  imum 

Average 
M i n imum 

Average 

Degree 

Days 

Total 
( in.  ) 

1974 

HB 

‘ “ n 

Mar 

b4 . 9 

47.7 

5b . 3 

2b4 

3.  10 

0.0 

Apr 

b9.9 

47.0 

58 . 5 

189 

0.17 

0.0 

May 

70.  3 

52.8 

bl.b 

103 

t race 

0.0 

Inn 

71.  b 

5 5.b 

b4 . 6 

29 

0 . 00 

0.0 

• Ini 

77.8 

58.  3 

68.  1 

7 

0.01 

0.0 

Aug 

7b. 8 

59.2 

68.0 

0 

0.00 

0.0 

Sep 

75.(1 

5b.  9 

66.0 

24 

0 . 00 

0.0 

Oel 

7 3.8 

53.7 

63.8 

53 

0.36 

0.0 

Nov 

7 3.4 

47.5 

60.5 

1 54 

0 . 00 

0.0 

Dec 

b 7 . b 

43.3 

55.  5 

285 

2.75 

0.0 

197  5 

.Ian 

b9.8 

42.7 

56.  3 

278 

0 . 00 

0.0 

f'eb 

b4.  3 

4 3.2 

OC 

305 

0.04 

0.0 

Ma  r 

b4 . 5 

45.  b 

55.  1 

304 

1 . 53 

0.0 

Apr 

b5.  7 

44.7 

55.  2 

287 

0.93 

0.0 

May 

b9.2 

50.3 

59.8 

1 54 

0.00 

0.0 

Inn 

70.8 

5 5.3 

63.  1 

57 

0.04 

0.0 

lul 

75.7 

57.4 
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58 . 0 

67.  1 
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Sep 
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57.9 

67.0 
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t rai-e 
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50.  7 

62.5 

101 
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71.9 
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59.5 
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197b 
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72.5 
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58.  1 

229 
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44.  3 

5b.  0 

2 5b 

3.64 

0.0 
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b9.  1 

44.  3 

)h , 7 

1 . 5 

1.16 

0.0 

'^Weather  data  obtained  at  lU'arby  ttxnard,  California,  elevation 
49  feet . 
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(in.) 

1974 

59.0 

55.0 

278 

1.14 

1 race 

59.4 

58.4 

190 

0.27 

0.0 

55.0 

71.0 

38 

0.08 

0.0 

02.2 

81.4 

0 

0.00 

0.0 

07.  5 

84 . 5 

0 

0.52 

0.0 

05.2 

81.8 

0 

0.44 

0.0 

59.9 

79.2 

0 

0.11 

0.0 

50 . 5 

05.9 

02 

0 . 00 

0.0 

55.2 

52.0 

58  5 

0.19 

0.0 

28.7 

42.9 

071 

0.0  3 

0.0 

1975 


052 

0 

00 

0 

0 

4 70 

0 

00 

0 

0 

414 
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00 

0 

0 

54  7 

0 

29 

0 

0 

58 

0 

00 

0 

0 

0 

0 

00 

0 

0 

0 

0 

00 

0 

0 

0 

0 

00 

0 

0 

0 

0 

95 

0 

0 

144 
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00 

0 

0 

419 

0 

00 

0 

0 

528 

0 

00 

0 

0 
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